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Particle accelerator, 130 

Pasteur, Louis (1822-1895), 95, 
, 142 

Pasteurisation, 142 

Pastures of the sea, 55 

Pelton wheel, 104 

Pendulum, compensating, 115 

Pentane, 62 

Perihelion (perry-heel-eon), 32 

Petroleum, 4b 

Phenol, 90 

Phiogiston, 141 

Phosphate, 163 

Phosphorus, 102 

Photoelectric cell, 21, 69 

Photomultiplier, 186 

Photosynthesis, 188 

Phytoplankton (fite-o-plank-ton), 

56 


Pitchblende, 34 

Plane table, surveyor’s, 119 

Plankton, 55 

Plant classification, 137 

Platyhelminthes (platty-hell- 
minths), 151 

Pleurococcus (ploor-o-cock-us), 41 

Plutonium, 13] 

Pole star, 7b, 106 


Polonium, 130 
Polyzoa (polly-zo-a), 152 
Porifera, 151 
Potassium, hydroxide, 177 
Poundal, 80 
Power station, hydro-electric, 104 
thermal, 126 
Preserving food, 120 
Pressure, air, 9b 
water, 113, 161 
Prime Meridian, 45, 106 
Propane, 61, 86, 89 
Protons, 5, 65 
Protoplasm, 84, 188 
Protozoa (pro-to-zoa), 40, 151 
Protozoans, 99 
Psychrometer, 133 
Pteridophyta _—(tare-id-o-fite-a), 
137 


P.V.C., 172 
Pyrometer, thermocouple, 60, 79 
optical, 79 


Q 
Quick freezing, 121 


Radicals, 52 

Radioactive materials, handling 
of, 35 

Radioactivity, 33, 129 

protection from, 35, 65 

Radium, 130 

Radon, 130 

Rainfall gauge, 133 

Rare earths, atomic numbers, 94 

Reflection of light, 17 

Refraction of light, 122, 175 

Refrigeration, 120 

Refrigerator, how it works, 121 

Resistance, electrical, 101 

Resistor, electronic, 185 

Resonance, 176 

Rocks, age of, 180 

Ross, Sir Ronald (1857-1932), 149 

Roundworm, 100 

Rutherford, Lord (1871-1937), 
130, 10c 


S 
Salt, chemical synthesis of, 140 
Salts in the sea, 172 
Sea, pastures of, 55 
Seismic survey, 4b 
Selenium, 69 
Sextant, 106 
Sidereal day (sy-deer-eal), 32 
Silicoflagellate, 56 
Silicon, 103 
Silver bromide, 172 
Simple animals, 26 
Single-celled animals, 40 
plants, 41 
Skeletons, 64 
endo-, 116 
exo-, 166 
Sodium, 103 
bromide, 172 
chloride, 172 
fluoride, 172 
hydroxide, 177 
iodide, 172 
Solar day, 32 
system, theory of origin, 180 
Solenoid, 134 
Solids expand with heat, 114 
Sound and vibration, 22, 128 
waves, 36, 128 
Specific gravity, minerals, 81 
Spectral analysis of the Sun, 182 
Spectrum, 4 
Speed of light, 123 
of sound, 128 
Spermaphyta, 137 
Spirogyra (spy-roe-jy-ra), 11 
Sprinkler system, 8 
Stars, mapping the, 75 
Steam, energy in, | 
engine, Jc, 49 
locomotive, 1, 49 
turbine, 49, 50, 126 
Stratosphere, 9c 
Structural cells, 74 


Submarine, escape from, 161 
Sulphate, 52 

Sulphides, 51, 52, 140 
Sulphite, 52 

Sulphur, 53, 102 

Sulphuric acid, 162 
Surveying, land, 118 


T 
Tapeworm, 6c, 99 
Tar, produced from coal, 90 
Temperature and thermometers, 
78 


absolute zero, 96 
Tetragonal crystal form, 81 
Tetrode valve, 185 
Thallophyta (thal-o-fite-a), 137 
Theodolite, 118 
Thermal efficiency, 49 

power station, 125 
Thermionic emission, 185 
Thermocouple, 21, 60, 79 
Thermometers, 78, 133 
Thermos flask, 192 
Thermostats, 165 
Third pin in electric plug, 144 
Thomson, Sir J. J. (1856-1940), 

10¢ 


Thorium, 34 

Thunderstorm, 140 

Thyratron, 186 

Time, length of a day, 32 
zones, 15 

T.N.T., 154 

Toluene, 90 

Torch, electric, 14 

Tracheophyta (track-eo-fite-a), 

137 


Transformer, electric, 160, 174 

Transistor, 186 

Transmutation of elements, 129 

Transpiration, 188 

Transuranic elements, 131 

Triangulation, 118 

Tribasic acids, 163 

Triclinic crystal form, 81 

Trigonometry, surveying, 119 

Triode valve, 185 

Triton, 26 

Troposphere (trop-o-sfear), 9b 

Turbine, steam, 49, 50, 126 
water, 104 


U 
Uranium, 33 


Vv 


Vacuum sphere, 44 
Valency, 102 
Valves, radio, 194 
Vascular plants, 137 
Velocity, 48 
Vibration and sound, 22, 128, 176 
Vinegar, 162 
Viruses, 98 

Vocal cords, 22 
Voice box, 22 
Voltaic cell, 39 


Ww 
Water, 145 
Water and life on earth, 1b, 188 
from hydrogen, 139 
pressure, 104, 161 
turbine, 104 
Watt, 179 
Watt-hour meter, 179 
Waves, motion of, 110 
Weather, measuring, 133 
Wet bulb thermometer, 133 
Whale, 55, 64 
Worm, 85 
disease-causing, 99 


x 
Xenon (zee-non), 53, 102 
X-rays, 65. 
Zz 
Zooplankton (zoo-o-plank-ton), 
56 


HEAT PHYSICS 


The Fireless Locomotive 


FEED PIPE, 
THROUGH 
WHICH STEAM 
FROM A 
STATIONARY 
BOILER IS 
ADMITTED 


In a fireless locomotive mechanical energy is obtained from heat. The locomotive has no furnace or water-filled boiler of its own. Its sole 
source of energy is the heat stored in the steam which is transferred to tt at intervals from a wayside botler. 


ENGINEERS are always very concerned about heat, 
for to do any sort of work heat must be used up. We 
use up heat every time we move. Because of the heat they 
store in their bodies warm-blooded animals can do much 
more work—and for longer periods—than cold-blooded 
creatures. Any amount of heat is the energy to do an 
amount of work. The connection between the heat of the 
furnace of this boiler and the energy that runs the donkey 
engine beside it is easily seen. The heat turns the water in 
the boiler into steam, expanding it many times. The 
steam is let into the cylinder and, by expanding more, 
pushes the piston to do the work of turning the wheel. 

The energy of the heat of the steam continues to be 
available until it is used up in work. The odd-looking 
fireless locomotive has no furnace of its own. Its sole 
source of energy is a ‘shot’ of steam, piped from the 
wayside boiler. 

On the energy stored in the steam the locomotive is 
able to do several hours hard shunting work. When the heat 
energy stored in its supply of steam has been nearly used 
up, the fireless locomotive must return for a new supply. 

The conversion of heat energy to work holds true the 
other way round too; work produces heat. When the 
brakes of a car are put on, the brake-drums soon become 
hot (which is why the linings are made of a non-inflam- 
mable material, asbestos). The car engine does work to 
make the car move. When the brakes are put on this work 
is used up by the friction (rubbing) between the brake- 
shoes and the brake-drums and heat is produced. 


CALLENDAR’S DRUM MEASURES 
THE AMOUNT OF HEAT 
PRODUCED BY A CERTAIN 
AMOUNT OF WORK 


In Callendar’s Drum the work of turning the handle is changed 
into heat as the moving drum rubs against a stationary belt. The 
heat produced is measured by the rise in temperature of the drum. 


When jammed hard against the brake-drums of a fast-moving 
vehicle, brake-shoes start heating. The energy of the turning 
wheels is changed through friction (rubbing) between the moving 
drums and the stationary brake-shoes into heat. 
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HYDROSTATICS 


LOATING and 


N ORDER to float, an object must be able to push aside its own weight 
of water. The pictures on the left show that any ‘block’ of water floats 
because its weight acting downwards is balanced by an upward pressure. If 
you took away the block of water, the forces that had been holding it up 
would be available to support some other object of the same weight. They 
could easily support an empty petrol can because the weight of the metal 
can plus the air inside would be much less than a similar volume of water. 
But they could not support the same can filled with water, for the weight 
of the can plus the water inside would be greater than a similar volume of 
water. In other words, the upward force acting upon an object in water 
equals the weight of the water pushed aside, so the object must displace its 
own weight in water if it is to float. This idea was put forward by Archimedes, 
a Greek scientist, over 2,000 years ago. 

A lump of metal will not float but the same piece of metal made into thin 
plates and shaped so that it will push aside a much larger amount of water 
(like the petrol can) will float. A ship is just a specially constructed tank, 
displacing enough water to float, even though it has to carry a cargo as 
well as its own weight. If, through some mishap, the ship begin’ to fill with 
water, it will become just like the water-filled petrol can. Through the 
added weight of the rising water the ship will sink lower and lower in order 
to displace more water to balance its increasing weight. Finally, when the 
weight of the ship and the water in it becomes more than the weight of 
the water it can displace, it will sink. 

Steel ships, holed below the water line by an exploding torpedo or mine 
in time of war, as shown on the right, have been known to fill with water 
and sink in a matter of minutes. Wooden ships, on the other hand, have 
been known to remain afloat for a long time when holed and filled with 
water. The reason is that a log of timber normally contains tiny air-filled 
cavities between its fibres. Because of this, it is fairly bulky in proportion 
to its weight and, like the empty petrol can, is much lighter than a similar 
volume of water. When it is filled with water the weight of the ship plus 
the water inside is still less than the weight of a similar volume of water. 
It will just float lower in the water, displacing more water to balance its 
increased weight, just as a petrol can filled with petrol will float lower than 


A china bowl will float because it will push aside its own weight in water. If the 
bowl were to be smashed, the pieces would sink. They would not be able to displace 
their own weight in water. 


an empty petrol can. Eventually the ship will sink, for water gradually 
seeps in between the fibres of the wood and replaces the air held in the 
cavities until the weight of the water-filled and water-logged ship becomes 
greater than a similar amount of water. 

Some kinds of timber, such as ironwood and ebony, will not float at all. 
This is because the fibres in them are packed so closely that a log of the 
timber weighs more than a similar volume of water. On the other hand, 
balsa wood floats with very little of its volume submerged. It is so light, 
and its fibres so loosely packed, that it only needs to sink a little way into 
the water to push aside its own weight of water. 


An empty petrol can will float. 


A petrol can filled with petrol will 
still float because petrol is much 
lighter than water. 

. 


A petrol can filled wi 
sink. 


| FAMOUS SCIENTISTS | 


NEWTON'S 


COLOUR 
DISC 


HE ENGLISH mathematician 
and natural philosopher Sir Isaac 
Newton (1642-1727) made many 
important contributions to the study 
of physics, even apart from his famous 
laws of motion and gravity. It has 
been said that his studies in light 
alone would have placed him amongst 
the front rank of scientists. 

Two interesting experiments carried 
out by Newton are pictured on this 
page. About 1666 he passed sunlight 
through a triangular glass prism and 
obtained the spectrum of colours. This 
experiment is shown in a simplified 
form in the upper picture. The sun- 


light was dispersed (split up) by the’ 


prism into its component colours, 
spread out on the paper. 


LIGHT PASSING 


THROUGH A SLIT 


This 1s the same effect as in the 
rainbow (where the raindrops act as 
prisms). Although theories of the 
rainbow had been put forward at 
least half a century before this, 
Newton cleared up the subject by 
passing the spectrum back through 
another prism and producing white 
light once more. This was final proof 
that white light is made up of all the 
colours in the rainbow or spectrum. 

Another experiment in the same 
field was carried out using a colour 
wheel (lower picture). This is a disc, 
painted in the colours of the spectrum, 
which can be spun round rapidly by 
turning a handle. The somewhat 
surprising result is that when it is 
turned rapidly, the disc apparently 
changes colour and becomes com- 
pletely white. “White” light is thus 
shown to be made up of all the 
colours in the rainbow. 


The EARTH is 
made of atoms 


All LIVING CREATURES 


are made of atoms 


made of atoms 


All PLANTS are 


All NON-LIVING THINGS 


are made of atoms 


ATOMS ARE THE SMALLEST POSSIBLE PIECES OF THE BASIC PURE MATERIALS THAT MAKE THE UNIVERSE 


ATOMIC CHEMISTRY 


EVERYTHING IS MADE OF ATOMS 
—What are ATOMS Made of? 


T THE centre of every atom 
lies its core or nuéleus. Around and 
at some distance from it, tiny par- 
ticles called electrons circle the nucleus 
like planets circling the Sun. The 
electrons are held in orbit by the 
electrical attraction between their 
own negative charges and the positive 
charges on the nucleus. Each positive 
charge is carried by a particle called 
a proton that is roughly 1,840 times as 
heavy as an electron. 


Atomic Number 

If we list the kinds of atoms in 
order of rank from the simplest to 
the most complicated, then the posi- 
tion of each in the list corresponds 
to the number of protons in its 
nucleus. This is called the atomic 
number. 


A hydrogen atom consists of a single 
electron moving round a single proton, 
like a planet in orbit round the Sun. 


The number of protons in the 
nucleus should balance the number 
of electrons whirling round it. Thus 
the simplest atom, that of hydrogen 
(symbol H), consists of a single elec- 
tron moving round a single proton. 
Atom number 2, that of helium 
(symbol He), has two protons in its 
nucleus, and two planetary electrons. 


Atomic Weight 

We might expect this atom (helium) 
to be twice as heavy as an atom of 
hydrogen, but experiments show that 
it is, in fact, four times as heavy. 
The extra heaviness (mass) is due to 
an additional pair of particles in the 
nucleus having the same mass as pro- 
tons but without any electrical charge. 
These neutral particles are called 
neutrons. Text continued on p. 7 


The orbit changes its position so rapidly 
that it seems to weave a solid shell round 
the nucleus. 


Atoms are so incredibly small that if the 
key shown here was expanded until it 
stretched 25,000 miles right round the 
Earth each atom in the key would still be 
no larger than this red ball. 


Here the orbit is shown as a shell, but 
cut away to reveal the proton at the 
centre. 


The beginning of the list of 


HYDROGEN i Elements 


Atomic Atomic 
Symbol Number Weight 


ATOM NUMBER ONE |. Hydrogen H ! ) 
Steen gs Ba i ) 
a ees Balances MM Scr ¢ ¢ ft 
ATOMIC NUMBER = 1 Z. Nitrogen N 6: ae 
ATOMIC WEIGHT —1 There are 92 natural elements altogether. 
You can check the Atomic Number and the Atomic 
Weight of each of these elements from the diagrams ATOM NUMBER THREE 
ATOM NUMBER TWO 
od om 
Protons Electrons 
ae eee e pee —- fe oe By co ke * a ea, eS NE 
2 :f eer eS 3 Ate Balances ponte 
re eee = 2 ATOMIC NUMBER — 3 


Particles in Nucleus — Protons 2 3 
Particles in Nucleus— Protons 


Neut 2 
ste: suhag Boas Neutrons 4 

ATOMIC WEIGHT — 4 
et ATOMIC WEIGHT — is 


Neutrons are present in the cores 
of all atoms except hydrogen. For 
example, in atom number 3, lithium 
(symbol Li), three electrons orbit 
around a nucleus containing three 
protons and four neutrons. By add- 
ing up the total numbers of protons 
and neutrons we see that an atom of 
lithium is seven times as heavy as an 


ATOM NUMBER SIX. 


ATOMIC NUMBER = 6 


Particles in Nucleus — Protons 6 


atom of hydrogen. In other words, 
the atomic weight of lithium is seven. 
Atom number 6 is carbon (symbol 
C). Its nucleus is made up of six 
protons and six neutrons giving it 
an atomic weight of twelve. The 
six positive charges on the protons 
are balanced by six negatively 
charged electrons circling the nucleus. 


Neutrons 6 


ATOMIC WEIGHT = 1 2 


i 


Electron Shells 

The electron orbits in every atom 
are arranged in a series of shells. 
The innermost shell can hold no 
more than two electrons and the 
second shell can hold no more than 
eight. The bigger atoms have more 
shells; these are described in a later 
article. 


ATOM NUMBER EIGHT 


Electrons — 


Balances 


ATOMIC NUMBER = 8 


Particles in Nucleus = Protons 8 


Neutrons 8 


ATOMIC WEIGHT= 16 


BARREL 


FIXED 
LOCKING RING SCALE 
(used for fixing 
plunger at a 
particular 
measurement) 


PLUNGER 


Using a Micrometer 


HIS instrument is commonly used for measuring lengths 
between one-thousandth of an inch and a few inches. 
With care it will give an accuracy of better than 1 part 
in a thousand. The type of micrometer (or, to give its 
full name ‘micrometer screw gauge’) illustrated here, is 
designed for the precise measurement of small thicknesses 
in engineering. 

The object being measured is placed in the ‘mouth’ of 
the micrometer and the stem is rotated to screw out the 
plunger. When the object is firmly held between the 
plunger and the anvil, its thickness is read off directly 
from a scale cut into the ‘barrel’—the inner part of the 
stem which does not rotate. Another set of numbers 
engraved on the bevelled edge of the stem and used in 
conjunction with the fixed scale gives readings to the 
nearest thousandth of an inch. 

THE PRINCIPLE of the micrometer is simply that 
when any screw is turned through one complete rotation, 
it advances by an amount equal to its pitch, i.e. the distance 
between successive threads. 

In the instrument illustrated above the screw thread 
(which is cut spirally around the concealed end of the 
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FRICTION KNOB 
THUMB GRIP 


STEM 


MOVING 
SCALE 


plunger) has a pitch of 5 (one-fortieth) of an inch. 
The outer moving part of the stem is attached to the 
plunger and turns with it. Because the stem is rather 
wide, any point on it moves through a distance of roughly 
1t inches during a complete revolution. The plunger 
advances by only one-fortieth of an inch in a complete 
revolution so the movement of the stem is 50 times as 
great as the movement of the plunger. (14 is equal 
to fifty-fortieths). The scales can be read like a ruler 
to the nearest twentieth of an inch, so a plunger 
movement of only one thousandth of an inch can, 
after it has been magnified 50 times by the screw, 
result in a readable movement of '5 inch on the moving 
scale. 

The accuracy of the instrument depends upon the pre- 
cision with which its screw thread has been cut and cared 
for. The friction knob is a device which protects the 
thread from damage due to screwing the plunger too 
tightly against the anvil or the object being measured. 
As soon as the plunger meets the object or comes into 
contact with anything solid the friction knob slips round 
without turning the stem. 


fs 

The micrometer is held in the right 
hand so that the scale is clearly 
visible to the operator. 

The first step before using a micro- 
meter is to check the zero reading. 
To do this it is necessary to close the 
mouth of the instrument by turning 
the friction knob only. When the 
friction knob begins to slip round 
both the fixed and moving scales 
should read ‘o’. Whatever reading 
is obtained with the mouth of the 
instrument closed must be subtracted 
from all subsequent readings. 


2. 

The next step is to rotate the stem 
anti-clockwise between thumb and 
forefinger, holding the instrument as 
shown, until the mouth of the in- 
strument is wide enough to fit over 
the specimen. It will probably be 
found more comfortable to use the 
roughened ring near the moving scale 
instead of the main thumb grip at the 
end of the stem. With the specimen 
in place the stem is turned gently 
clockwise to close the mouth of the 
micrometer. 


ce 

Just before the specimen becomes 
clamped between the anvil and the 
plunger the thumb and forefinger are 
transferred to the friction knob and 
the final rotation done from there. 
This ensures firstly that the important 
screw thread is not put under any 
strain and secondly that the specimen 
is not squeezed so tightly as to alter 
its thickness. Care should be taken 
to see that the specimen is seated 
squarely between the anvil and the 
plunger; if it is at all skewed it can 
lead to very serious errors. 


4. 

The micrometer used here is gradu- 
ated in inches and each numbered 
division on the fixed scale represents 
one-tenth (0-1) of an inch. These 
divisions are sub-divided into four so 
that each small division represents 
one-fortieth (0-025) of an inch. The 
moving scale is graduated from o to 
25 and one fixed scale small division 
is uncovered by turning the stem 
through one revolution. Hence 25 
moving scale divisions represent 
0°025 (#5) inches or 1 moving scale 
division represents 0-001 (za'55) inches. 


5- 

To read the micrometer we first note 
the number of large (o-1 inch) di- 
visions that are completely uncovered 


on the barrel. Next we count the 
quarters of the division which is only 
partly uncovered. Each of these 
represents 0-025 inch. Finally we read 
the number on the moving scale 
nearest to the line engraved on the 
barrel. This gives the number of 
moving scale divisions, each of which 
represents 0-001 inches. Then the 
three readings are added. In this 
example a fixed scale reading of 
1 large division, 3 small (quarter) 
divisions and a moving scale reading 
of 15 divisions adds up to o-r in. + 
0075 in. + 0-015 in. giving a total 
of 0-190 inches. On the facing page 
we see a micrometer showing 3 large 
divisions, 2 small (quarter) divisions 
and 7 moving scale divisions. The 
thickness of that specimen is read as 
0-3 + 0-05 + 0-007 giving a total of 
0°357 inches. 


6. 


A cutaway to show the screw thread 
on the concealed end of the plunger. 
This turns in the matching screw 
thread inside the barrel. 


BIOLOGY 


ALL LIVING THINGS 


| MUSCLE CELL 


I 
STOMACH 2 SKIN CELL 4 MUSCLE CELL 


CELLS IN A WORM (1) A muscle 
cell (;; inch). (2) A giant nerve cell 


CELLS IN MAN (I) A cell from the lining of the stomach (535 es (2) A cell from an 
from the nerve cord (ety inch). (3) A 


inner layer of skin (sab inch). (3) A liver cell (zona inch). (4) A muscle cell which may be 

between 2 inches and 20 inches long and s1, to yyy inch in diameter. (5) A bone cell 

yale inch). (6) A nerve cell which may be 3 feet long but less than ;¢yq inch in diameter. re ae inch). (4) A gut cell 
. sto inch). 
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CELL _ 3 LIVER CELL 5 BONE CELL NERVE 

; | CELL 
‘ (most worm 
; Bo fe: | nerve cells 
me i | are much 

a thinner) 

‘eae & | 
6 NERVE CELL | ‘ 
‘ SKIN 
7 | CELL out 
whe e- CELL 

See. 
| 
| 
| 
| 


A HUMAN A WORM 


UST as a house is made of bricks so animals and plants 
are made up of tiny units called cells. But there are 
many different kinds of cells. Each cell in each part of the 
body has a special design so that it can perform a certain 
task. 

In an animal a muscle cell differs in size and shape 
from a skin cell, in a plant a leaf cell differs in size and 
shape from a root cell. 

Cells are small, too small, generally speaking, to see 
with the naked eye. There are some cells of which a single 
one forms a complete animal or a complete plant. These 
will be shown in later articles, most of them are too small 
to be seen with the naked eye though a few are as large 
as $ inch across. 
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ARE MADE OF CELLS 


SPIROGYRA CELL 


2 LEAF 4 WATER CONDUCTING 
FOOD MAKING CELL 
CELL 


3 LEAF SKIN : 


CELL 
| STEM 
FOOD 
TRANSPORTING 
CELL 


CELLS IN A FLOWERING PLANT (1) A stem cell through which food passes from one part 
of the plant to another. (2) A leaf cell in which food is made in the round bodies called chloroplasts. 
(3) A cell which forms part of the outer skin or epidermis of the leaf. (4) A stem cell which passes 
water to the leaves. 


CELL OF SIMPLE PLANT A 
single cell of Spirogyra (part of 
the green scum on ponds), a plant 
which is merely a chain of similar 
cells. 


A FLOWERING PLANT A SIMPLE GREEN PLANT—SPIROGYRA 


[3 
oy 


FLOWER 


‘YS ROOTS 


[YL 


The illustrations at the top of page 10 show six of the — endings that cause responses, such as the shortening of 


many kinds of cells of which we are built. a muscle. 

Practically all animals have muscle cells, but no The large, dark oval body in each cell is called a 
plants have them. They are long, thin cells which, by nucleus. The nucleus controls the working of a cell. 
shortening and lengthening, enable us to move from one In a simple green plant like Spirogyra all the activities 
place to another. We also have bone cells, thousands of __ of the plant, such as food-making, are carried on in every 
which grow together and form our bones. A worm does cell. 
not have a hard skeleton, and therefore has no bone cells. But in a flowering plant food-making is restricted to 

Gut cells are specially equipped to produce the special cells in the leaves, the roots serve to take in water 
chemicals that digest food. Liver cells are storage depdts and to anchor the plant to the ground, and the cells in the 
for sugar that the body needs. flowers produce the pollen grains and ovules which are 

Nerve cells pass signals between different parts of the necessary to produce the seeds from which the young 


body, releasing, it is thought, chemicals at the nerve plants will grow. 


Il 


Yn he 


F ALL FORMS of energy, electricity is the most 

baffling and difficult to describe. A current cannot 

be seen. In fact it does not exist outside the wires and 

so on which carry it. A ‘live’ wire carrying a current 

looks exactly the same and weighs exactly the same as 
it does when it is not carrying a current. 

An electric current is simply a movement or flow of 
electricity. The electricity is carried by minute particles 
called electrons. Electrons are very much smaller 
than atoms—in fact the outermost part of every atom 
consists of a number of electrons whirling around a 
central core or nucleus. Each electron has the same 


, 
An Electric Circuit 
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charge or ‘packet’ of electricity described as a negative 
charge. Usually the nucleus has exactly enough 
positwe electrical charges to balance the negative 
charges on the electrons so that the atom as a whole 
is neutral. 

A few of the electrons in each atom of a conductor 
such as copper are only loosely held. These ‘free 
electrons’ can jump from atom to atom and it is a 
steady drift of free electrons that carries electricity 
through a wire. 

Why should electrons move about between atoms? 
The basic law of electricity says that two charges 


di 
meu 


having the same sign (either both positive or both nega- 
tive) repel each other; two charges having opposite signs 
(one positive and the other negative) attract each other. 
Since electrons carry negative charges they are repelled 
by negatively charged atoms and attracted by positively 
charged atoms. As a result the electrons are pushed 
around from atom to atom until they find one with a 
shortage of electrons. Alternatively an electron may stay 
in an atom if it pushes another electron out. When 
some kind of ‘driving force’ is applied to the wire the 
wandering electrons are organised into a steady one-way 
drift. The driving force is simply a difference of electrical 
pressure (voltage) between the ends of the wire. It is 
provided by either a battery or generator (dynamo). 
Electrical pressure starts the drift of electrons by pushing 


the loosely held electrons from the first atom in the line - 


to the next atom and so on. 

Two points that must be borne in mind regarding the 
flow of electricity along a wire are, first, that the 
electrons which set out from one end are not the same 
electrons that reach the other end. Secondly, that by 
convention a current is said to flow through a circuit 
from the positive terminal of a battery to the negative 
terminal. In fact the moving electrons flow in the oppo- 
site direction. This confusing state of affairs dates back 
to early studies in electricity and cannot easily be put 
right now. 

A current of electricity must have a completely un- 
broken path or circuit. If we could follow a current as it 
flowed along a wire we should eventually arrive back at 


The picture on the left shows, in a very much simplified manner, 
the circuit of an electric lamp. The wires in the house form 
only a small part of the complete circuit, for the wires which 
bring the current from the power station many miles away are 
also part of the same circuit. 

Inset A shows one of the massive glass insulators that prevent 
the current passing into the pylons supporting the cables. The 
ridges are to throw off rain water that could otherwise form a 
conducting path over the insulator. 

Inset B shows the main fuses, one each in the supply wire and 
in the return wire. They are usually thin wires made of some 
metal that melts easily when it is heated. 

Inset C shows one of the smaller fuses that protects each of the 
subsidiary circuits branching off from the main fuse box. The 
fuse wires which are mounted on blocks of porcelain (a good 
insulator), are thick enough to carry a certain amount of current 
without getting hot. But an excessive current causes them to 
overheat, melt and break the circuit. 

Inset D shows a ‘short circuit’ caused by the insulation of two 
adjacent wires being damaged. Current passes directly from the 
supply wire to the return wire because this path is shorter than 
having to flow around the rest of the circuit. Sparks and a 
great deal of heat are produced as the current leaps across the 
slight gap between the wires. 

inset E shows a switch that can be opened to break the circuit 
and so stop the flow of current to the lamp. 

Inset F shows an electric light bulb containing a coil of 
tungsten wire so fine that it is made white hot by the current 
passing through it. The bulb is usually filled with argon, a gas 
that does not combine with tungsten. 

Inset G shows a cross section through one of the wires used in 
this circuit. It is made up of several strands of copper 
twisted together, making it much more flexible than a single 
copper wire of the same diameter. Copper is a very good 
conductor of electricity; the rubber or plastic which covers 
the wire is a very good insulator. 


An atom is neutral (uncharged) when the number of positively 
charged particles (protons) in its nucleus is equal to the number 
of negatively charged particles (electrons) outside the nucleus. 
If the atom as a whole gains extra electrons it becomes nega- 
twwely charged, if it loses electrons it becomes positively 
charged. 

A copper atom always has 29 protons (+). The copper atoms 
on the left are all negatively charged because they have more than 
29 electrons (—). The copper atoms on the right are all posi- 
twely charged because they have less than 29 electrons (—). 

Electrons are repelled by negative atoms and attracted to 
positive atoms. That is why electrons flow along a wire, passing 
Srom atom to atom as shown in the diagram. But it is not always 
the incoming electron itself that passes on to the next atom, it 
may instead push out one of the loosely bound electrons already 
present. 


our starting point. Wires which lead the current from 
one part of the circuit to another are nearly always made 
of copper. Copper, like most metals, is a good conductor 
of electricity; it has plenty of free electrons so a current 
has little difficulty in travelling through copper. 
Actually the best conductor is silver, but this metal 
would be far too expensive for wiring a house. Rubber 
and plastics are good insulators (or, what amounts to 
the same thing, bad conductors). An insulator is made 
up of atoms that do not have any loosely held electrons 
and these materials are used for covering electric wires 
so that if the outgoing and returning parts of the wires 
touch there will not be any short cut for the current 
that reduces the planned length of the circuit (i.¢., a 
‘short circuit’). There is a danger that a short circuit 
will cause sparks because the electrons jump across any 
tiny air gap between bare wires. This sparking can cause 
a fire if the wires rest against wood or anything else that 
is inflammable. 

Looking at the diagram on the left we can trace a 
typical circuit around which current flows from a genera- 
tor in the power station to and through a lamp in the 
home and back again to its starting point. The current 
starts out along cables supported on pylons. These cables 
are not insulated with rubber or plastic—they do not 
have to be because the large amount of air which sur- 
rounds them is an-excellent insulator. Of course they are 
insulated from the pylon by glass blocks like that shown 
in the diagram, otherwise the electrons would shortcut 
through the pylon to the Earth. The current passes into 
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Renesas 


Chemical actions in the battery of this torch put a positive charge 
onto its central carbon rod and a negative charge onto its zinc 
shell. Electrons flow from the zinc through the metal of the 
torch and back by way of the bulb to the carbon rod. But the con- 
vention is to pretend that electric current flows from plus to minus, 
not in the direction the electrons really flow—from negative to 
positive. The arrows show the ‘conventional’ direction. 


WY 


The diagram on the left shows a wire having a positive charge 
at one end and a negative charge at the other. The electrons 
flow in the same direction all the time. This ts a direct current 
PL.) 

Tie diagram on the right shows a wire where the charges at 
the ends are periodically switched round causing electrons to flow 
first one way and then the other. This to-and-from movement of 
electrons is an alternating current (A.C.). 
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insulated underground cables or overhead wires that 
bring it to the house. 

As soon as it enters the house the current passes 
through the main fuses, then the circuit divides to lead 
the current to all the different lamps and power points. 
Each of the subsidiary circuits should have its own fuse. 
(‘Inset C,’ p. 12.) A fuse is a thin piece of wire made from 
a low-melting-point metal. When the current is more 
than the wiring can safely carry the fuse gets hot, because 
it is not such a good conductor as the rest of the circuit, 
and melts. So the circuit is broken and the current 
stops. In the diagram (p. 12) the subsidiary circuit leads 
current from the fuse box, by way of a switch, to a light 
bulb. If the switch were open no flow of electricity could 
take place in that particular circuit. 

In the lamp is one of the few parts of the circuit that 
offers much resistance to the movement of electrons. 
This is the filament, a long coil of very fine tungsten 
wire. The electrons in tungsten are more tightly bound 
to atoms than they are in copper and consequently there 
is no easy drift of electrons through the filament. In fact 
the filament is made white hot by the electrical energy 
expended in forcing electrons through it. Unlike a fuse 
the tungsten wire has a very high melting point and does 
not break even at white heat. 

Current emerging from the filament returns to the 
fuse box and completes its journey back to the generator 
through cables laid alongside the ones that carried it to 
the lamp. 

The torch illustrated here is a familiar example of a 
circuit that has no wires. The current (by which we 
mean the conventional current from positive to negative) 
flows from the positive terminal of the battery. This 
is a central rod of carbon—one of the few non-metals 
that conducts electricity—fitted with a brass cap over its 
exposed end. Because of the chemical action going on 
in its battery the atoms in the carbon rod are unbalanced 
and have a shortage of electrons (7.e., positive charge). 
At the same time the atoms in the zinc casing of the 
battery have a surplus of electrons (7.e., negative charge). 
One end of the filament in the torch-bulb is connected 
to a spot of solder on the bottom of the bulb and this 
makes contact with the brass cap on the carbon rod. 
The other end of the filament is connected to the metal 
part of the base which screws into the reflector. Since 
the reflector is made of bare metal the current passes 
easily through it to a strip of brass leading to a switch on 
the side of the torch. As long as the switch is closed 
the current flows through it into the metal barrel of the 
torch itself. At the bottom of the torch barrel is a spring 
which serves both to hold the batteries in place and 
also to provide a conducting path between the torch 
barrel and the zinc casing of the battery. The zinc 
casing forms the battery’s negative terminal, its side 
insulated by a cardboard outer casing. 

And so the current has completed its journey back to 
the battery. For simplicity the diagram shows only one 
cell whereas in practice the torch would contain a 
battery of two or more cells. 
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JN MAKING one complete revolu- 

tion the Earth turns through 360° 
and as it takes about 24 hours to do 
so there is a difference of four minutes 
between each degree. Thus clocks in 
one town should show a different time 
from clocks in another town a few 
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Above. It is noon at point A. Point B, 15° 
to the east, has already passed beneath the 
overhead Sun; it is 1 p.m. there. Point C, 
15 to the west, has not yet passed beneath 
the overhead Sun; it is 11 a.m. there. 
Right. The time zones are modified in 
places to avoid splitting countries, as ts 
the International Date Line. 
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miles to the east or west. To save 
confusion the world is divided into 
standard time zones, each varying by 
15°, t.¢., one hour. The basis of the 
reckoning is noon at Greenwich (0°). 
Countries to the east of Greenwich 
have time in advance to those to the 
MIDNIGHT 


THE EARTH DIVIDED aie. TIME ZONES AS MARKED ON THE 
DATE LINE SCALE AT T 
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Because the Earth spins upon 
its axis (an imaginary line 
drawn between the North and 
South Poles) a different part 
of its surface is constantly 
being presented to the Sun’s 
rays. It spins anti-clockwise, 
so when the Sun appears to 
be at its highest point in the 
sky at one place (noon), a 
place to the east has already 
passed beneath the overhead 
Sun—it has already experi- 
enced noon and the time there 
is after midday. But a place 
to the west will not have yet 
passed beneath the overhead 
Sun and the time there will 
be before midday. 


west. But this reckoning makes places 
either side of the 180° East or West 
line roughly 24 hours apart, so the 
International Date Line was drawn at 
this point. Passing westwards across it 
the date advances one day, passing 
eastwards the date goes back one day. 
MIDNIGHT 
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E AREAS HAVE TIME HALF-AN-HOUR DATE LINE 


EARLIER OR LATER THAN THE REGULAR ZONES. 
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The “Loves” 


and “Hates” of 


MAGNETS 


A MAGNET is a piece of iron, steel or lodestone ore 

which attracts to itself other pieces of iron. Every 
magnet has two poles (in the case of the bar magnet they 
are at either end of it), from which magnetic forces seem 
to operate. The north poles are attracted to the south 
poles of other magnets, but ‘hate’ the other norths. 
Similarly the souths ‘like’ norths, but are repelled by 
the other souths. Briefly put: unlike poles attract each other ; 
like poles repel each other. 

Perhaps the best known practical instance of this 
attraction between unlike poles occurs in our magnetic 
compasses. The Earth, we know, is a vast magnet and the 
compass needle a very small one. One pole (end) of the 
compass needle always points to the Earth’s Magnetic 
North Pole; the other will never do so. The use of 
magnetism would seem from this to be limited to people 
like explorers and sailors who need to find the direction 
of North by a compass. But magnetism is a curious force, 
its most important action for us is that it enables 
electricity to be made by mechanical means. The first of 


several articles describing this appears in the next issue. LO 


THE BEHAVIOUR OF A COMPASS NEEDLE 
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Every magnet has two poles, north and south. 
With two magnets unlike poles always attract each other. 
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... and like poles always push each other away. 


The magnetic dog and bone toy is an interesting example of the 
attraction of unlike poles of magnets. The north pole of a magnet 
is positioned at the dog’s nose and another magnet runs the 
length of the bone. The dog’s head will twist round on its pivot 
as the south pole of the bone magnet is moved near it. 


The power of magnetism. The magnetised needle of a compass will always return to point North even after being pushed out of position. 
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OPTICS | 


The Magic 
of Mirrors 


VERY surface reflects light to some extent. A piece 

of white paper, for example, absorbs about a fifth of 
the light falling on it and reflects back the remaining 
four-fifths. The light reflected from white paper is 
scattered in all directions. A mirror, on the other hand, 
reflects light evenly because its surface is smooth and 
polished. 


A looking glass is an example of a plane (flat) mirror. 
It is a sheet of polished glass coated on the back with 


Only a few objects actually give out light and these are 
usually very hot like a flame or a lamp filament. In order to 
see objects which cannot give out light of their own we rely on 
their ability to reflect light, from a lamp or from the Sun, to 
our eyes. 


silver, or some other shiny metal. A ray of light striking 
the silvered surface of a mirror behaves like a billiard ball 
striking the cushion—it bounces off at the same angle 
at which it made contact. This is true no matter what the 
reflecting surface is made from. A ray of light falling on a 
mirror is called an incident ray, a ray of light bouncing off 
a mirror is called a reflected ray. The direction of a ray is 
measured not by the angle it makes with the mirror but 
by the angle it makes with a line (called the normal) 


(Left) The angle at which a billiard ball strikes the cushion ts 
equal to the angle at which it bounces off. (Centre) The angle 
at which a ray of light strikes the mirror 1s equal to the angle at 
which it is reflected off. (Right) Rays of light turned by the 


mirror appear to be coming from behind the glass. 


drawn at right angles to the mirror. The normal is usually 
drawn through the point on the mirror’s surface where the 
reflection takes place. 


A very simple law holds good for all regular reflections. 
It states that the angle of incidence (i) between the 
incident ray and the normal, is always equal to the angle 
of reflection (r) between the reflected ray and the normal. 


When you look into an ordinary flat mirror you see a 
reflection of yourself. It is the same shape and the same 
size and appears to be as far behind the mirror as you are 
in front. The reflection of anything we see in a mirror is 
called an image. 
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The picture of the actor seen in the mirror is a true reflection. 
He 1s touching his moustache with his right hand ; the mirror seems 
to show it as his left hand. 


Why the image appears as far behind the 
mirror as the object is in front. Rays from 
the object falling on the mirror are always 
turned so that the angle of incidence equals 
the angle of reflection. 
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Why does a mirror form an image ? 
The rays spreading out from an object 
are turned through an angle by the 
mirror and continue to spread out 
even though they have suffered a 
change of direction. As a result, the 
direction in which the reflected rays 
reach our eyes does not lead straight 
to the object. It leads to a point 


behind the mirror, from which the rays 
appear to be coming. This point is the 
position of the image. It lies as far 
behind the mirror as the object is in 
front. Of course, it is easy to prove 
that there is really nothing behind the 
mirror: the image is a kind of optical 
illusion. It is said to be a ‘virtual’ or 
unreal image. 


Two mirrors arranged at an angle of 60°, 
as in a kaleidoscope, produce not only two 
direct images of any object placed between 
them, but images of the images. 


A kaleidoscope contains two mirrors 
arranged at an angle of 60°. Coloured 
pieces of metal, with their five images 
reflected in the mirrors, form an intri- 
cate, symmetrical pattern. 


With two mirrors placed together at 
an angle, each of them produces an 
image of an object placed between 
them. But if the angle is narrow 
enough images of the images can be 
seen! Light rays from the direct image 
bounce off the opposite mirror and 
back into the observer’s eye, forming 
extra images. As the angle between 
the mirrors narrows a greater number 
of images can be seen. A kaleidoscope 
consists of a tube in which two mirrors 
are arranged at an angle of 60° to 
each other. At the bottom of the tube 
are a number of pieces of coloured 
metal. Each has two images (one in 
each mirror), but these reflections are 
repeated a number of times, forming 
an intricate, symmetrical pattern 
which can be changed simply by 
shaking the kaleidoscope and chang- 
ing the positions of the pieces of 
metal. There are so many possibili- 
ties that you could never obtain the 
same pattern twice. 


LECTRICITY is one of the most 

useful forms of energy because it 
can be delivered quickly and with 
little loss at the end of a cable. An 
electric current is a flow of electricity 
carried by minute particles called 
electrons. Each electron has the same 
negative charge or ‘packet’ of elec- 
tricity. Electrons normally form the 
outermost parts of atoms. In a good 
conductor, such as copper, some of 
the electrons are only loosely held to 
atoms. An atom which has less than 
its share of electrons will attract 
electrons from other atoms. If an 
electrical ‘pressure’ is put between 
the two ends of the wire there will 
be a steady drift of electrons jumping 
from atom to atom along the wire. 
This ‘pressure’ is made by ensuring 


Left: The top picture shows the magnetic field, represented 
by lines of force, that exists around a bar magnet. By 
placing two magnets with opposite poles facing, a strong 
and uniform field is obtained. The next picture shows a 
single coil of wire placed in the magnetic field. As the 
coil is turned it cuts across the lines of force and (if it 
forms part of a complete circuit) a current is produced. 
When the coil is in the position shown in the middle 
picture it is moving along the lines of force without 
cutting them. No current is produced here. In the last 
two pictures the red side of the coil again cuts lines of 
force but this time it is moving upwards, so the direction 
of the current is reversed. 


that the atoms at one end of the wire 
are short of electrons (so they are 
positively charged) and those at the 
other end of the wire have a surplus 
of electrons (so they are negatively 
charged). 

The machines in the power station 
which are responsible for producing 
electricity are called generators. 

The principle of the generator is 
remarkably simple and quite aston- 
ishing: every time a wire is moved near 
the end of a magnet an electrical 
pressure (voltage) is set up along the 
wire. This remarkable ability of the 
power of magnetism to cause a flow 
of electrons is still one of the mysteries 
of the universe. We just have to accept 
that there zs a difference of electrical 
pressure between the ends of a wire 
which moves in a magnetic field, and 
that a current of electricity will flow 
through any circuit connecting the 
ends of the wire. 

A magnetic field is the name given 
to the region around a magnet in 
which its effects can be felt. In the 
diagrams on these pages, magnetic 
fields are represented by lines running 
from the north pole (N) of a magnet 
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A simple generator. On the right the coil is seen from the end making one complete 
revolution. The size of the current in each of the eight stages varies as shown by the curve. 


At stage ‘e’ (coil vertical) the current reverses. 
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Electro Magnet Coil ” 
= ‘Field Winding’ 


to a south pole (S). They are known 
as magnetic lines of force and show 
the direction in which the magnetic 
field acts at any point. A wire moving 
through a magnetic field so that it cuts 
lines of force has a voltage set up in it. 
When the wire is moved in the 
opposite direction the voltage is re- 
versed. There is no voltage unless the 
wire is moving. The size of the 
voltage depends on the rate at which 
lines of force are cut. Consequently 
the faster the wire moves the greater 
is the voltage produced. The voltage 
can also be increased by using a 
longer piece of wire, provided that the 
whole of the wire cuts lines of force. 
That is why a compact coil of many 
turns of wire is preferable to a single 
straight wire. But a coil takes up more 
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space and so it is necessary to have a 
concentrated magnetic field. Two mag- 
nets arranged with unlike poles(a north 
and a south) facing each other produce 
a field between them in which the lines 
of force are straighter and more con- 
centrated than the spread of lines 
around a single magnet. The easiest 
way to make the wire in the coil cut 
lines of force is to rotate it between 
magnets, so that each time it turns both 
sides of the coil are cutting right 
through most of the lines of force. 
The current produced by rotating 
a coil of wire between magnets is not 
steady. It is greatest when the coil 
lies parallel to the lines of force since 
this is the position where the coil cuts 
straight across the lines of force. No 
current is produced when the coil lies 


A PRACTICAL GENERATOR. In 
this diagram the iron core that fills the 
space between the axle and the rotating 
coils has been removed for clarity. The 
magnetic field 1s provided by the two 
electro-magnet coils (‘field windings’) 
which also have iron cores. 


at right angles to the lines of force 
because in this position the coil is 
moving along the lines of force and 
not across them. Following one side 
of the coil as it rotates we see that for 
almost half of each revolution it 
moves upwards through the lines of 
force but for most of the other half 
of the revolution it is moving down- 
wards. As a result the current changes 
its direction twice in each revolution 
of the coil. It is, in fact, an alternating 
(to and fro) current just like the 


Direct Current A generator can be made to give a ‘one-way’ or direct 
current by connecting the ends of the coil to the two halves of a ‘split 
ring’ that replaces the brass collars. This device neatly puts whatever is 
the ‘outgoing’ end of the coil onto the same brush at the moment the coil 
comes up to the vertical and reverses the flow. In the first of the diagrams 
above, the red side of the coil is moving downwards and the current 
produced in it flows out of the coil into the right hand brush. In the 
second diagram the red side of the coil is moving upwards and now the 
current produced in it flows into the coil. But by this time the red side of 
the coil is connected to the left hand brush. So the current still flows out 
of the right hand brush, through the lamp and re-enters the generator at 
the left hand brush as it did in the previous diagram. 

The ‘split ring’ route-changing switch is called a commutator. Although 


alternating current (A.C.) of the 
household mains supply. Sometimes 
one-way or direct current (D.C.) is 
required. One method of producing 
it is explained on this page. 

A practical generator has several 
coils placed like the spokes of a wheel. 
They are wound on an iron core 
which helps to concentrate the mag- 
netic lines of force which they cut. 

The magnets to make the lines of 
force are not ordinary iron bar 
magnets. They are, in fact, a pair of 
electromagnets. An electromagnet con- 
sists of a coil known as the field 
winding (i.e. winding to make a 


the commutator ensures that the current always flows in the same 
direction, it does not prevent the current from falling to zero each time 
the coil reaches the vertical position. No current is produced when the 
coil is vertical because it moves along the lines of force instead of cutting 
across them. With a number of coils it is possible to have the current in one 
reaching maximum value when the current in another is zero. The 
commutator in that case consists of several pairs of segments arranged 
around the axle instead of the two halves of the split ring. The segments 
are insulated from each other, and the ends of each coil are connected to 
opposite segments. 


maximum 
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Fluctuating current from a single 


Steady current made up of 
coil fitted with a commutator. 


contributions from eight coils. 


OTHER WAYS IN WHICH 
ELECTRICITY IS MADE 


CARBON 


ZINC 


magnetic field) wound onto an iron 
core. Such a coil has a magnetic field 
through its centre when a current 
passes round the wire, and the field is 
usually much stronger than that of an 
ordinary magnet. 

How do the electromagnets get 
their supply of current? In a gen- 
erating station it is usual to have a 
small extra generator on the same 
driving axle, and this has permanent 
magnets to give it its field. 

How is the outside circuit (e.g. the 
lamp in the picture) connected to the 
moving coils? At first sight this seems 
a difficult problem. It is solved by 
connecting the ends of each coil to a 
pair of brass collars mounted on the 
axle that turns the coils. The outside 
circuit is connected to ‘brushes’ 
(either soft blocks of carbon or metal 
springs) which rub against the rotat- 
ing brass collars. 


A plate made of lead becomes negatively 
charged and a plate made of lead 
dioxide becomes positively charged 
when both stand in the same container 
of sulphuric acid. 


A very small current is produced when 
the junction between two different 
metals is heated. This device is called a 
thermocouple; it is used in taking the 
temperature of furnaces. 


Chemical action in a dry battery leaves 
the carbon rod positively charged and 
the zinc negatively charged. An article 
on dry batteries and accumulators will 
appear in the next issue. 


A very small current is produced when 
light falls on certain metals. This 
device is called a photoelectric cell. 
Photographers’ lightmeters work in this 
way. 


21 


[SOUND | 


HE tolling sound of a bell is 
simply the vibrations caused by a 
clapper striking a metal shell. The vi- 
brations of the bell push and pull the 
surrounding air which in turn pushes 
and pulls the air beyond. In this 
way the bell’s vibrations are trans- 
ferred to our ears as sound. 

Everything that makes a sound is 
vibrating and everything that vibrates 
is making a sound. The speed at which 
an object vibrates governs the ‘pitch’ 
or note of the sound it makes. If you 
wedge a saw into a cut in a piece of 
wood, bend the blade and then let it 
go, the saw-blade will vibrate. If the 
saw is only a little way in the cut it 
will vibrate slowly with a low purring 
note. But the farther it is pushed into 
the cut (in other words the smaller 
the length that is allowed to vibrate) 
the faster the vibrations will become 
and the higher the pitch of the sound 
it will make. 

An ordinary garden swing in mo- 
tion is really vibrating, yet you cannot 
hear the sound it is making, and few 
people can hear the high-pitched 
squeak of a bat. The reason for this 
is that some vibrations are too slow 
and others too fast for us to hear as 


Vibrations travel through AIR 


The vibrations of a bell are transmitted through the 
air and picked up by our ears as sound. 
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Vibrations travel through SOLIDS 


You can hear through a solid because it too transmits 
vibrations. 
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sae The pitch of the sound made by a vibrating saw depends on the speed at which 
5 cone This, in turn, depends upon the length that is allowed to vibrate. The shorter the length the 
— faster the vibrations and the higher the pitch of the sound. 


Vibration and Sound 


sounds. Put another way, some notes 
are too low and others are too high for 
the human ear to detect. On the 
average the range of notes we can hear 
as sounds varies from about 20 vibra- 
tions per second (a low growl) to 
about 20,000 vibrations per second (a 
high-pitched piercing whine). 

A vibrating saw is ‘beating’ the air 
and it is the vibrations of the air which 
are picked up by our ears. But you 
can hear through a solid too. If a 
metal girder jutted out at both sides 
of a thick wall and somebody struck 
it at one end with a hammer, you 
could hear the sound at the other side 
of the wall by placing your ear to the 
girder. The vibrations would be trans- 
mitted through the metal to your ear. 
You can also hear through a liquid. 
An underwater swimmer can hear 
the vibrations of a nearby outboard 
motor quite clearly. The one thing 
you cannot hear through is a vacuum. 
If the air is drawn out of a jar con- 
taining a suspended bell and the bell 
is ‘rung’ you cannot hear any sound 
from it. The bell is vibrating normally 
but there is no air for it to beat. In 
other words, there is no way of trans- 
mitting its vibrations to your ears. 
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it is vibrating. 


THE VOICE BOX The human voice re-(A 


sults from air being 
passed over the vocal 
cords when we 
breathe out, causing 
them to vibrate. These 
vibrations are trans- 
mitted through the 
air and picked up by 
our ears as sound. The 
pitch of the sound is 
governed by the taut- 
ness of the cords, since 
this varies the speed at 
which they vibrate. _ 


Vibrations travel through LIQUIDS 


A liquid also transmits vibrations, making it possible 
to hear underwater, for instance. 


... But NOT through a VACUUM 


You cannot hear through a vacuum; there is nothing 
to carry the vibrations (sound) to your ears. 


FROM ABOVE 
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Queen Elizabeth’s Doctor Discovers the Earth is a 


Magnet-the Riddle of the Dipping Compass Needle 


|. pehagigendenea compass needle points North. It also 
dips — that is to say, when balanced on the end of a 
string the needle is usually tilted at an angle. What is 
more, the tilt of the needle varies according to its position 
on the Earth’s surface. At the Magnetic Poles the needle 
stands on end. At the equator it is horizontal. Why? 

William Gilbert (1544-1603), a highly successful 
English doctor and Queen Elizabeth’s personal medical 
adviser, found the answer. He made for himself a model 
of the Earth, a tiny replica shaped out of the magnetic 
rock we know as lodestone. He called this model a 
terrella, or ‘little Earth’, and on it he placed a series of 
small iron needles. Then he made his great discovery. 
The needles behaved exactly like compasses. Not only 
did they point to the lodestone’s north pole, they dipped 
at various angles in different places, just as the compass needles 
do on the Earth’s surface. 

Gilbert was able to show, therefore, that the Earth is 
itself a magnet, with its Magnetic Poles near the Geo- 
graphic North and South Poles. He also demonstrated 
that the compass needles follow the lines of magnetic 
influence (magnetic force) which ‘flow’ in an arc around 
the Earth between the Magnetic Poles. 

Gilbert of Colchester, as he is often known, put down 
his ideas in his book De Magnete (About the Magnet), 
published in 1600. This was not his only contribution to 
the study of magnets. He realised, for example, that there 
are connections between magnetism and electricity. 


The needles on Gilbert’s lodestone model 
of the Earth dipped at different angles, 
just as compasses do on the Earth’s sur- 
face. William Gilbert was therefore able 
to demonstrate to Queen Elizabeth that the 
Earth is itself a huge magnet. P 


SCIENTIFIC EQUIPMENT 


Mae Siva. 


USING A CHEMICAL BALANCE 


HE chemical balance is simply a weighing machine 
like kitchen scales, but it is accurate to a vastly 
greater degree. Kitchen scales are generally used to weigh 
things to the nearest ounce (about 28 grams) whereas a 
chemical balance is used to weigh much more accurately 
anything as small as ; milligram (jo Ounce) to 250 
grams (about g ounces). In many experiments only 
minute quantities of chemical are used or minute differ- 
ences of weight must be measured on the balance. The 
model illustrated weighs objects to the nearest 5 milli- 
grams. 
The Parts of the Balance 
Basically a balance consists of a horizontal metal rod, 
the beam, from each end of which a balance pan is slung. 
The beam pivots at its centre on an upright pillar. The 
object to be weighed is placed on the left-hand balance 
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pan and the weights on the right hand pan. A pointer 
which moves backwards and forwards in front of a scale 
at the bottom of the pillar tells you when the beam is 
horizontal and both pans balance exactly. 


The beam and the parts attached to it must be per- 
fectly balanced and the beam must be able to move to 
and fro on its pivot absolutely freely to ensure that the 
weighing is a true one. The top of the pillar has on it a 
block of agate, a hard mineral, and the beam is fitted with 
a steel or agate knife edge to pivot on this block. The 
blocks supporting the hangers in which the balance pans 
are slung also have a steel or agate knife edge and each 
pivots freely on a block of agate on the beam. So there 
is virtually no friction between the hooks and the beam 
or between the beam and the pillar when the beam is 
swinging. 


Usually the balance is kept in a glass 
ox with a portcullis type 
glass front which 
for clarity has 
here been 
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Not only must the beam be balanced and able to move freely but also 
the balance itself must be perfectly level to give an accurate weighing. 
For this purpose there are two levelling screws under the front of 
the base. The balance rests on these and a fixed peg at the back of the 
base. The screws can be turned to raise or lower the base until the 
weight on a plumbline at the side of the pillar is directly above its 
marker. 


When the balance is level the next step is to ensure that, when the 
beam is raised by turning the knob on the front of the balance, the 
pointer swings freely an equal number of divisions to the left and 
right of the centre mark on the pointer scale. The swing can be 
adjusted by turning the small screw at either end of the beam. If it is 
unequal first lower the beam—do not make adjustments while the beam 
is raised. If the swing is too much to the left the screw on the right 
side should be screwed in towards the centre of the beam or the left 
one away from the centre of the beam depending on their position at 
the time. The opposite procedure is followed if the pointer swings 
too far to the right. 


When the balance is properly adjusted make sure that the beam is 
lowered before starting to weigh. Place the object to be weighed on the 
left hand balance pan. Choose a weight which you think is just too 
heavy and place it on the right hand pan with a pair of tweezers, not 
with your fingers because anything on them may be transferred to the 
weight and so affect your weighing. 


Now raise the beam by turning the knob which pushes the pillar up. 
If the pointer swings more to the left then the weight is too heavy. 
Lower the beam, take off the weight, and place a slightly lighter weight 
in the right hand pan. The process is repeated until a weight which 
is just too light is selected. Then smaller weights are added until the 
weights are minutely too light. Then the rider scale can be used. 


On most balances there is a scale above the beam—this is the rider 
scale. Move the tiny rider from the left hand side to half way along 
the scale (marked 5) and raise the beam again. If the pointer moves 
more to the left then the object is not quite as heavy as the weights 
on the pan plus the weight added by moving the rider along. Lower the 
beam and then move the rider back a small amount at a time, lowering 
and raising the beam each time, until both pans balance. The weight 
of the object is the sum of the weights in the right hand pan plus the 
amount on the rider scale. 


On this model the whole of the rider scale is equal to one gram. This 
means that when the small rider is moved from 0 at the left hand side 
to the right end of the scale it is equivalent to placing a | gram weight 
on the right hand pan. The scale is numbered from 0 to 10. Each 
division represents 4, gram. These divisions are sub-divided into ten, 
each sub-division represents ym gram. One half sub-division is there- 
fore equal to x gram or 5 milligrams. 
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PHYSIOLOGY AND ANATOMY 
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SIMPLE ANIMALS 


In many simple animals the body consists of 
a hollow sac with an opening — the ‘mouth’ — 
at one end into which the food is pushed. The 
cells lining the sac surround the food and digest 
it. There are no special organs for breathing or 
getting rid of waste. Oxygen in solution seeps 
in through the whole body surface and waste 
materials seep out in the same way. 

The animal illustrated is called Hydra. Its 
body wall is made up of two layers of cells in 
between which is a layer of jelly. Over the 
inner and outer surfaces of the jelly are scattered 
nerve cells from which branch nerve strands or 
fibres. Each cell remains separate, however, and 
nerve signals have to ‘jump’ the gaps in between. 
The inner ends of the cells in the outer layer 
of the body wall and of the tentacles are 
drawn out into muscle tails. Hydra has a soft, 
flexible body so that when these muscle tails 
shorten or lengthen the body can bend, stretch 
or even shorten into a round ball, the tentacles 
can move to catch food with special stinging 
cells and push it into the mouth, and the animal 
can move from one place to another by somer- 
saulting. 
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INSECTS 


Insects have a hard outer covering or external 
skeleton made of a substance called chitin. It 
covers the head, body and legs. However, 
whereas a mollusc’s shell is stiff and bulky, an 
insect’s skeleton is light and jointed to allow 
the various parts of the body to move freely in 
relation to one another, worked by muscles 
which are attached to its inside. An insect’s gut 
is a long, straight tube with an opening at each 
end. Whereas most molluscs live in the water 
the majority of insects live on land. They 
breathe air in through a special system of 
finely branching tubes (tracheae) which open 
to the outside through holes along the sides of 
the body called spiracles. Air enters these and 

down the tubes to the finest branches 
which are in close contact with the tissues. It 
dissolves in fluid that fills the finer branches, 
passing the short distance to the tissues in 
solution. The insect has a well developed 
nervous system with a brain at the head end 
from which a double strand of tissue, the nerve 
cord, passes back to the hind end of the body. 
In each segment of the body the nerve cord is 
enlarged as a local control centre. 
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FISHES 


A fish is beautifully adapted for living in 
water. It has a bony internal skeleton. The bones 
move on one another at joints, and. are worked 
by muscles attached to their outer surfaces. 
The bulk of the muscles are the }-shaped trunk 
muscles. They contract on alternate sides of the 
body from the front to the rear, bending the 
body in a moving wave that pushes against the 
water and forces the fish forwards. Fishes use 
their fins for braking, making sharp turns and 
varying their depth in the water. But they also 
possess an air bladder for maintaining their 
depth. This is a long, hollow sac inside the body 
cavity just above the gut. Parts of the bladder 
can release oxygen gas into its interior. This 
makes the fish buoyant and so it rises in the 
water. Other parts can remove the oxygen 

as, when necessary, making the fish less 
uoyant so that it sinks. 

The breathing organs (gills) take up oxygen 
that is dissolved in the water. It is carried 
round the body in the blood. The gut is a long 
tube with openings at both ends, and waste 
materials are removed by kidneys. A fish has 
an outer protective covering of scales. - 


of Living \ y 


MAMMALS 


Mammals have a st internal skeleton. The 


bones and muscles of the legs carry the whole 
weight of the body while the backbone is a 
‘girder’ between them from which the gut and 
other organs hang. The legs themselves are 
levers worked by the leg muscles and, by their 
movements, the animal is able to move from 
one place to another, often at great speed. In 
the rabbit, the hind legs are long and provide 
the drive for hopping. In large mammals, too, 
such as horses, the hind legs provide the drive 
for running while the front legs take the weight. 
As in birds, the rib cage protects the lungs and 
heart, but an important difference is the 
separation of these organs from the o in 
the lower part of the body (abdomen) by a 
thin sheet of muscle—the diaphragm. This, 
with the ribs and their muscles, works to 
enlarge the chest, so drawing air into the lungs, 
and, to reduce its size, so forcing air out. In 
most mammals the diaphragm moves backwards 
and forwards but in humans it moves up and 
down because the body is upright. Mammals are 
watm-blooded and have a covering of hair which 
helps to reduce heat loss through the skin. 
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The structure of living things or the 
study of their structure is called anatomy. 
The study of the functions of living things 
is called physiology. Human physiology is 
the study of how we eat, breathe, move, 
think, feel, see and hear; how our nerves, 
kidneys, muscles and other organs work; 
why it is that the cells of every tissue are 
different in appearance and how their 
differences are related to the different 
tasks they perform. 

The conditions under which animals 
live are very varied. Some live in the sea, 
others on land, and yet others (birds and 
some insects) spend part of their time on 
land and part in the air. Life in water is 
very much easier than it is on land. 


Firstly, water provides support so that the 
massive skeletons of land animals, like the 
elephant’s, are not needed. For its size, 
any fish has a very light skeleton. An 
animal as large as a whale could not live 
on land for it could never have a skeleton 
strong enough to carry its great weight. 
Secondly, the bodies of animals consist 
mostly of water and are similar in 
composition to sea water. An animal living 
in the sea has to expend far less energy to 
maintain the slight differences between it 
and its surroundings than a land animal 
which is surrounded by air. A land 
animal not only has the task of finding 
water, it also has to conserve the water in 
its body once it has found it, for the drying 


effects of the sun and the air are con- 
siderable. Thirdly, water gains and loses 
heat very slowly whereas the temperature 
of the air changes much more quickly. 
The Sahara desert has temperatures of 
over 100°F. during the day but this 
sometimes drops to near freezing point 
during the night. Birds and mammals are 
the only warm-blooded animals. They can 
remain active in the coldest weather and 
can contend with considerable variations 
in temperature. A cold-blooded lizard is 
motionless in really cold weather and, of 
course, few cold-blooded animals are 
found on land near the poles where the 
temperature of the atmosphere is frequent- 
ly below the freezing point of water. 


OESOPHAGUS 


WINDPIPE 


MAN 


Man, like rabbits, horses, sheep, cats and dogs, is a mammal. Like other mammals 
he has a bony internal skeleton; the organs in the lower part of his body (abdomen) 
are separated from the heart and lungs within the chest cavity by a sheet of muscle — 
the diaphragm; his gut is a long tube with an opening at each end and most of it is 
coiled within the abdomen; both the upper and lower jaws carry teeth; his head 
can be moved independently of his backbone. But man has certain special character- 
istics. He is an animal that walks upright on two legs and uses his arms and hands 
for manipulation. The arms move freely in most directions, unlike animals which 
run on four legs in which the arms move mainly in a fore and aft direction. He 
has a very large brain, by means of which he has devised methods of communication 
that allow each man to share the information of others, particularly by speech and 
writing. His eyes are large and forwardly directed. In the rabbit, where the small 
intestine leads to the large intestine, there is a large blind sac called the caecum 
at the end of which is the appendix. A rabbit eats plant material almost entirely 
and it is in the caecum that bacteria digest much of the plant food. In humans, 
which eat almost anything, the caecum is very small and the appendix is a short 


y 
LIVER “Gite 


™ 


. 


_HUMERUS we 

: 
j LARGE INTESTI 
NA Fa 
i se 


RADIUS 


any apparent ill effects. 


blind tube off it. Bacteria in the appendix may possibly play a minor part without 


ATOMIC CHEMISTRY | 


The Weight of One Atom 


ces many of the materials dug 
out of the ground are usable in 
the raw state. The 92 basic kinds of 
pure material (elements) have built- 
in tendencies to join in various com- 
binations, and did so long ago. The 
problem is to extract, as it were, the 
basic parts used in constructing a 
Meccano model, and to build them 
up into a new model that is more 
useful. Modern industrial civilisation 
only became possible when chemists 
had discovered how to do this. 

The heap of sulphur on the right 
represents one of the very few sub- 
stances found in Nature whose atoms 
are all of one kind. Sulphur is an 
element. There are 92 elements apart 


An atom of oxygen showing (left) its nucleus of 16 particles 
surrounded by planetary electrons. 
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from ‘those made artificially. The 
majority of substances are found as 
mergings of two or more elements; 
such combinations are called com- 
pounds. How do elements join up with 
each other? In order to split up 
compounds into elements and to make 
elements combine together into com- 
pounds, chemists have had to find out. 

It has been found that when two 
elements merge, atoms of one join with 


The model in the upper part of this picture 
represents one molecule of sulphur, made 
up from eight sulphur atoms. The heap of 
sulphur contains millions and millions of 
atoms, all arranged in groups of eight like 
those in the model. 


* 


An atom of carbon showing (left) its nucleus of 12 particles 
surrounded by planetary electrons. 


' a A molecule of carbon dioxide showing how 
i _- “two atoms of oxygen have merged with an 
atom of carbon (centre). The numbers | to 8 
indicate the orbits of the shared electrons 
~~ which whirl around the separate nuclei. Just 
as the molecule appears unlike the separate 
atoms from which it is built, so carbon dioxide 
_ 7gas is unlike either oxygen or carbon in 
~ behaviour. 


A simplified diagram of the same carbon 
dioxide molecule. It does not show the elec- 
trons or the nuclei but it clearly indicates that 
the carbon atom and the oxygen atoms 
together act as a single unit. 
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The weight of one atom of oxygen balances 
the weight of sixteen atoms of hydrogen. 
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An atom of hydrogen (top left) wath tts single proton has a weight of 1 unit. An atom 
of oxygen (above) with a total of 16 particles in its nucleus has a weight of 16 units. 


atoms of the other. An atom consists 
of a nucleus (its central core) and a 
number of particles called electrons. 
The electrons are very small indeed 
and whirl around the nucleus at some 
distance from it. They play an essen- 
tial part in joining one atom to 
another. Two atoms combine to- 
gether if the outermost electrons are 
shared between both atoms, with the 
shared electrons moving around both 
nuclei. A combination of atoms like 
this (although it does not have to be 
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just two atoms) is called a molecule. 
On page 29 there are illustrations 
showing an atom of carbon and an 
atom of oxygen. Two atoms of oxygen 
can be made to share their outermost 
electrons with an atom of carbon. 
The result, shown at the foot of the 
page, is a molecule of carbon dioxide. 
In joining together the atoms merge 
and entirely lose their individual pro- 
perties. The molecule is unlike the two 
kinds of atoms of which it is formed. 

Since the ‘recipe’ for carbon dioxide 
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is two atoms of oxygen to one of 
carbon we might expect that it con- 
tains twice as much oxygen (by 
weight) as carbon. But in fact this is 
not so. If we took 44 oz. of carbon 
dioxide and split it up we should 
obtain 32 oz. of oxygen and only 
12 oz. of carbon. The reason is simply 
that a carbon atom weighs less than 
an oxygen atom. Practically the whole 
weight of an atom is concentrated in 
its nucleus. The nucleus of a hydrogen 
atom (the lightest one) is a single 
particle called a proton; the nucleus 
of any other atom is a mixture of two 
sorts of particles—protons and neu- 
trons. These particles are very nearly 
equal in weight, the difference be- 
tween them is that a proton carries a 
positive charge of electricity while a 
neutron is uncharged (neutral). The 
nucleus of an oxygen atom contains 
8 protons and 8 neutrons making a 
total of 16 particles. It is therefore 16 
times as heavy as the nucleus of a 
hydrogen atom. Since the true weight 
of any atom is incredibly small when 
measured in grams or ounces, we 
prefer to use an altogether different 
scale of weights on which the proton 
weighs one unit; so an atom of oxygen 
with its 16 particles has a weight of 
16 units. Carbon has 12 particles (12 
units) in the nucleus of each of its 
atoms, it therefore has an ‘atomic 
weight’ of 12. 

To provide equal numbers of car- 
bon atoms and oxygen atoms we 
should need to take 12 oz. of carbon 
for every 16 oz. of oxygen. Since the 
carbon dioxide recipe calls for twice 
as many oxygen atoms as carbon 
atoms we should in fact need 2 x 16= 
32 oz. of oxygen. This would com- 
bine completely with our 12 oz. of 
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carbon giving 32-+12—44 oz. of car- 
bon dioxide. As a further example, 
let us take the gas called sulphur 
dioxide, which is responsible for the 
choking odour of burning sulphur. 
This compound is formed when sul- 
phur combines with oxygen. Its 
‘recipe’ is one atom of sulphur to two 
atoms of oxygen, so if we are going to 
make it directly by burning sulphur 
in oxygen we must put one measure 
of sulphur with two measures of oxy- 
gen. But a measure of sulphur (atomic 
weight 32) is not the same as a 
measure of oxygen (atomic weight 
16). For every 32 oz. of sulphur we 
need 2x16=32 oz. of oxygen to 
combine completely with it. The 
product will be 32+32=64 oz. of 
sulphur dioxide. If too much of either 
oxygen or sulphur is used it will be 
left over, unused, at the end of the 
experiment. 

The diagrams on the blue patch 
show a few of the more common 
atoms in a simplified form. The 
number of particles in the nucleus of 
each atom is shown on the right-hand 
pan of its balance. This number is its 
‘atomic weight’ as a round number. 
The largest atoms are not necessarily 
the heaviest, the size is decided by the 
arrangement of the electrons. 

In later articles we shall be giving 
tables of atomic weights. They will not 
always be the simple whole numbers 
shown by the atom pictures around 
this page. This is because any sample 
of a pure element will almost certainly 
contain a proportion of ‘substandard’ 
atoms (isotopes). Compared with 
other atoms in the same element these 
have either too many or too few 
neutrons and _ therefore weigh 
differently. 
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ASTRONOMY 


liaise can only be measured in relation to other 
happenings. A day, which, as we know it, is the time 
taken for the spinning Earth to complete one rotation, 
would be extremely difficult to measure if there were not 
stationary objects like the Sun and stars to act as reference 
marks in the sky and indicate when one revolution has 
been completed. 
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While making one complete revolution the Earth changes tts 
postition by one and a half million miles and must turn through an 
extra angle to make the start point facé the Sun again. 


SIDEREAL DAY 


The stars are so distant that the Earth moves very little in relation 
to them and after one complete rotation the start point directly 
faces its star again. 
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A solar day is the time taken for any point upon the 
spinning globe to make what appears to an observer on 
the Earth to be one revolution and come back to its 
original position facing the Sun. Really, this is more than 
just one revolution, for when the start point has revolved 
back to the position from which it actually started it 
is not directly facing the Sun as it should be. The 


The Earth travels more quickly when it is in perthelton than when 
it 15 in aphelion. 


reason for this is that the Earth is travelling in its orbit 
around the Sun at the same time as it is spinning on its 
axis. By the time the start point has made one complete 
revolution the Earth will have moved on more than 
1,500,000 miles and must turn a little more in order to 
bring the point to ‘look back’ at the Sun. So the solar 
day is really one revolution plus a little more. 

The sidereal (pronounced sy-DEAR- ial) day, a standard 
measurement for astronomers, is also based upon one 
revolution of the Earth but, in this case, the start point 
is measured to a distant star instead of to the Sun (the 
name ‘sidereal’ means of or pertaining to stars and comes 
from sidus the Latin word for ‘a star’). The stars are so 
distant (the nearest is billions of miles away) that the 
Earth moves very little in relation to them and so, after 
one complete rotation, the start point directly faces the 
star again. Thus, a sidereal day, which can be thought 
of as just one revolution, is a little shorter than a solar 
day, which represents one revolution plus a little more. 
The difference between the two is about four minutes. 

It would not be very convenient to use the solar day for 
the everyday measurement of time because it varies in 
length. This is due to the fact that the Earth’s orbit is 
elliptical in shape with the Sun not in the centre. The 
Earth travels more quickly when it is in perihelion 
(nearest to the Sun) than when it is in aphelion (further- 
most from the Sun.). 

The day we measure by our clock, unlike the natural 
day measured by the Sun’s rising and setting, is constant 
in length. We call this day the mean solar day for it is the 
uniform average of the total length of solar days. Thus 
solar days are sometimes longer and sometimes shorter 
than mean solar days. 


HE GREATEST changes that 

have happened to the modern 
world have been caused by radio- 
activity. The whole story of the 
research that has led to the wonderful 
gift of nuclear power and to the awful 
menace of nuclear bombs has taken 
place in less than seventy years. 

The discovery of radioactivity was 
accidental. Antoine Henri Becquerel, 
a famous French physicist, had a 
piece of uranium ore on his desk in 
1896. By chance he left it for some 
time on top of a packet of unexposed 
photographic plates. When he exa- 
mined one of the plates he found 
that it was ‘fogged’, although no 
light could have reached it through 
the wrappings. How could this have 
happened? All the other plates were 
fogged in the same pattern. Instead 
of throwing the plates away in dis- 
gust as most people would have done, 


Becquerel’s genius led him to conclude 
that uranium gives out rays that pass 
through paper and even metal. This 
was radioactivity. 

All the material in the universe is 
made of infinitely small planetary 
systems called atoms. The different 
kinds of atoms are called elements. 
The difference between them is the 
number of ‘planets’ (electrons) that 
circle round the centre ‘sun’ (called 
the nucleus—from which comes the 
name of the latest science, nuclear 
physics) and the number of heavier 
particles (some are called protons, 
and some are called neutrons) that 
form the nucleus. The elements are 
placed in order by scientists, with 
those made up of the smallest number 
of particles at the bottom and those 
with the most particles—the largest 
atoms—at the top. The largest atoms 
tend to be radioactive. 


Antoine Henri Becquerel examines one of 
the famous photographic plates that were 
‘ fogged’ by a piece of uranium ore, and so 
led to his discovery of radioactivity. 


An atom of uranium. Its centre (nucleus) is 
hidden inside these coloured circles that re- 
present the paths of some of the 92 particles 
(called electrons) that act like planets. 
The nucleus consists of heavier particles, 
and here a group of them is being thrown 
out. This is one sort of radioactivity. 


The nuclei of some of the largest atoms are said to be 
unstable. They tend to break up to produce nuclei of a 
different kind. As the nucleus breaks up, it usually emits 
charged particles (known as alpha and beta particles) or 
gamma rays. Elements whose atomic nuclei behave in 
this way are called radioactive. 

In Nature there are three families of radioactive 
minerals, derived from the elements uranium, thorium 
and actinium respectively. The rays and particles thrown 
out during the break-up of radioactive atoms produce a 
glow of light on a fluorescent screen (like a television 
screen) and they will blacken a photographic film. 

The loss of particles from its nucleus has a revolutionary 
effect on a radioactive atom. Uranium, for instance, 
ceases to be uranium at all once it has ejected some of 
the particles of its nucleus; it becomes another element, 
thorium. Each atom of each basic material (element) of the 
universe contains a certain number of particles. Once 
it loses some of them it actually becomes another element. 
This is called radioactive decay. Not all the atoms of 
uranium decay at the same time. 

During the thousands of millions of years since the 
Earth was formed, radioactive elements have become less 
and less abundant because some of their atoms are con- 
stantly breaking up to become new elements. Radium, for 
example, is so rare that Madame Curie and her husband 
Pierre had to process several tons of pitchblende ore in 
order to isolate a tiny quantity of the pure element. 

Pierre Curie (1859-1906) was a Frenchman. His wife 
Marie (1867-1934) was born in Poland, but at the age of 
24 sought freedom from the Russian oppression by moving 
to Paris, where she lived for a time in great poverty. 
Pierre and Marie met in the course of their work—both 
were physicists—and were married in 1895. Together 
they worked on the new science of radioactivity. In 1903 
they shared with Becquerel the Nobel Prize for the iso- 
lation of metallic radium. She succeeded her husband, 


Marie and Pierre Curie managed to isolate a tiny amount of the 
radioactive element radium. 


Alpha Particles Beta Particles 


This is a single alpha par- 
ticle and consists of 2 
protons plus 2 neutrons 


This is a single beta par- 
ticle and consists of | 


‘electron’. This results 
BETA 
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from the nucleus (centre) 
of a radioactive atom. 

Protons are the + 
charge. Neutrons are the 
no charge (neutral) par- 
ticles in the nucleus. 
Because of the presence 
of protons in it an alpha 
particle has a total + 
charge. 

On page 9 the atom of 
uranium is ejecting one 
alpha particle. It consists 
of 2 protons and 2 
neutrons. 


from a surprising event, 
difficult to believe, when 
| neutron in the nucleus 
turns into | new proton 
(+ charge) and | new 
electron (— charge). The 
electron flies out, the 
proton remains in the 
nucleus, increasing the 
make up of the atom, so 
it becomes another ele- 
ment. Electrons are the 
—charge particles which 
normally fly around on 
the outside of the atom 
balancing the + charge of 
the nucleus. 


The 
Reason 


Largest 
Atoms 
are 
Radio- 
active 


A large nucleus is like a tall stack 
of bricks. The energy in the stack 
is its potential of falling down. The 
bricks are unstable. 


So, too, the large potential energy 
of a large nucleus makes it unstable 
and liable to disintegrate. 


As we take bricks off the stack 
it becomes less and less likely to 
collapse. The stack is most stable 
when its potential (stored) energy 
is least (when all the bricks are on 
the floor). 


who was killed in a street accident, 
as professor at the University of 
Paris, the first woman to attain this 
position. 

The fast-moving particles and rays 
caused by radioactivity are called 
radiation. Since radiation can be 
harmful to living things, many opera- 
tions involving radioactive substances 
have to be carried out by remote con- 
trol. Nuclear reactors, too, have to 
be insulated against radiation leakage 
with lead shields and concrete walls 
thick enough to stop the particles and 
rays. 


The lethal effects of radioactivity 
killed many early researchers, in- 
cluding Marie Curie. Scientists 
to-day have developed various safe- 
guards against the dangers of radi- 
ation. In this illustration a slug of 
radioactive metal is being inserted 
into an aluminium tube by remote 
control. The operator watches from 
behind a protective screen of special 
glass. 
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—Al 4 
SOUND jf 


In stringed instruments a musical 
note 1s produced by a vibrating 
string. To make tt vibrate the string 
may be bowed, plucked or struck. 


MUSICAL INSTRUMENTS 


OST people would heartily agree 
that the sound made by a pneu- 
matic drill is just plain noise. At the 
same time most would also agree that 
a bow drawn across a violin string pro- 
duces a musical sound. Yet both are 
ibrations. The difference between 


them is that the vibrations of a violin 
ti /yoccur at regular intervals 
~ 


‘noise. It can be proved by 
two discs, one having holes 
ed at regular intervals around 


ie. If both discs are spun and a 
/ /jet of air directed at each, then the 
/ disc with the regularly placed holes 
will produce a musical sound or tone 
like a humming top, while the other 
disc will simply make a noise. In one 
case the air has been made to vibrate 
regularly (by first bouncing off the 
disc and then passing through a hole) 
and in the other case to vibrate ir- 
regularly. 

Sound waves are a succession of 
‘push and pull’ impulses started by a 
vibrating body and carried by the air 
to our ears. Air in contact with the 
source of vibration, like the violin 
string or the reed of a saxophone, for 
instance, is alternately compressed 
and expanded by the string or reed. 
This makes the air beyond vibrate at 
the same rate and thus the pressure 
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waves travel outwards. One complete 
‘push and pull’ is a cycle, and the num- 
ber of cycles per second sent out 
through the air is the frequency of 
the vibration. This determines the 
note or pitch of the sound. The more 
vibrations per second, the higher the 
pitch. 

Most musical instruments have some 
way of making the air vibrate when 
played. It might be the vibrations of 
a stretched string when plucked 
(guitar), bowed (violin), or struck 
(pianoforte), or the vibrations caused 
by air striking a sharp edge, either 
directly (organ pipe) or obliquely 
(flute), or by air striking the edge 
of a flexible reed (oboe), or the 
vibrations of a diaphragm when 
struck (drum). 

The human mind is very expert at 
judging the relationship between a 
certain series of notes and even a 
slight mistake in pitch for one of them 
is displeasing to the ear. The relation- 
ships which are pleasing are arranged 
in a scale (doh, ray, me, fah, soh, lah, 
te, doh). Each of these notes has a 
different frequency and the relation- 
ship or ratios between them form the 
Diatonic Scale. If any series of notes is 
played in these ratios the result will 
be a scale, no matter which note (fre- 
quency) is taken as the starting point. 

The diatonic scale runs into diffi- 
culties with the pianoforte, for, if it 
is made and tuned to give a perfect 


The pianoforte is a stringed instrument. 
The strings vibrate when struck with 
hammers tripped by the lever action of the 
keys, thus producing a musical note. 


scale starting at, say, C as doh, the 
result is displeasing if we try to play 
the scale starting with D as doh. In 
order to play a true scale for every 
note there would have to be about 70 
notes per octave, which would make 
the piano an impossible instrument 
to play. The compromise which has 
been adopted is the tempered scale, first 


Fundamental 


Second Harmonic 


Third Harmonic 


Above: With instruments like the trumpet and bugle it ts simply the vibrations of the player’s lips that shake 
the air and produce a musical note. Right: In instruments like the saxophone and oboe the vibrations we hear 
as musical sounds are caused by air striking the sharp edge of a flexible reed. 


Left: Drawing a bow across a violin string causes tt to 
vibrate and shake the surrounding air. Right: With a 
trumpet or a bugle it is not the instrument that sets the 
air vibrating but the lips of the player. 


suggested by the composer Johann 
Sebastian Bach (1685-1750). It is 
designed so that a scale can be played 
starting with any note, and although 
the ratios are never exactly right they 
are near enough to satisfy the musical 
ear. 

A piano could never sound like an 
oboe, yet both can play the same note 


instead of having one Anti-Node (in 
the centre) it will have two points of 
greatest movement, while the central 
point will become a Node. The 
string, all the while playing the same 
note, is then sounding its second har- 
monic. Divide the string into three 
vibrating parts and it would be playing 
its third harmonic, and so on. A string 


DIATONIC SCALE. When the frequencies of doh, ray, me, fah, soh, lah, te, sib are compared 


the following are the ratios: 
doh ray me fah 
| 9/8 5/4 4/3 


with the same intensity. There is a 
difference in quality of sound of the 
same note and this is based upon 
something called harmonics. The point 
of greatest movement of anything 
vibrating is called the Anti-Node and 
the point of no movement is called 
the Node. Touch a vibrating string 
lightly, exactly at the centre, and 


3/2 5/3 15/8 2 


or column of air can produce several 
harmonics all at once. It can vibrate 
as a whole and as various segments 
at the same time. So most musical 
instruments play many harmonics, 
together with their fundamental (first 
harmonic). Each instrument has a 
different selection of harmonics and 
thus a different quality of sound. 


Left: The flute player blows across a hole in the instru- 
ment and this causes the air to vibrate. Right: The air 
ts caused to vibrate in instruments Itke the oboe when 
it strikes the sharp edge of a flexible reed. 
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MAGNETISM 


» BECOMES A 
MAGNET 


MAGNET has the power to attract to it pieces of iron, 
steel, nickel or cobalt. The force of attraction is 
called magnetism. When a bar magnet is moved towards 
an iron nail, the nail is attracted to it. Why should this be? 
Because the nail comes into the influence of the magnetic 
force it temporarily is made into another magnet and 
behaves like one. The force of attraction is greatest from 
the ends or poles of the magnet. There is little attraction 
from its middle. One end of the magnet is called a south or 
‘south seeking’ pole, the other end is a north or ‘north 
seeking’ pole. If the south pole is moved towards the nail, 
the end of the nail which is nearest to the magnet becomes, 
temporarily, a north pole. Since among all magnets unlike 
poles attract, the nail is drawn to the end of the magnet. 
The other end of the nail becomes a south pole. With the 
nail hanging to the magnet it is possible to pick up several 
more nails in a line, for the first nail is itself acting as a 
magnet. The end of the second nail which is touching the 
first nail will be a north pole and the far end a south pole, 
and so on along the line of nails. In fact, each of the 
nails becomes a magnet itself while it is affected by the 
actual magnet. 
Two magnets are produced by cutting one in half and 
the process can be repeated by halving the pieces again 
and again. A magnet is, in fact, made up of a large 


Above: The molecules in an unmagnetised bar of iron are 
arranged haphazardly, they point in all directions. When the bar is 
stroked with a magnet (or a piece of lodestone), always in the same 
direction from one end to the other, the molecules are turned so 
that they line up in the direction of the stroking. The bar is then 
magnetised. 
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w.. One Magnet Makes Another 


If you take a bar magnet and cut it in half you will obtain two 
magnets. The half containing the south pole ‘gains’ a north pole 
at what was the middle of the whole magnet, and the other half 
gains a south pole. Each half becomes a magnet. The process can 
be repeated again and again, producing twice as many magnets as 
there were before. It 1s not possible for a north or a south pole to 
exist on its own. Magnetic poles always occur in pairs. 


number of infinitely smaller magnets. If you partly fill a 
test tube with iron filings you can see that the filings are 
arranged haphazardly. If you then hold the tube still 
and move a magnet from one end to the other, using the 
same pole of the magnet all the time and moving the 
magnet only in one direction along the test tube, the 
iron filings will arrange themselves along the tube all 
pointing the same way. The whole mass of iron filings 
in the tube will act in the way that a simple bar 
magnet does. One end of the test tube will be repelled by 
the south pole of a magnet, the other by the north pole. 


The molecules in an unmagnetised bar of iron are hap- 
hazardly arranged like the iron filings in the test tube. 
Each is a tiny magnet and when a piece of lodestone (a 
natural magnetic rock) is stroked from one end of the iron 
bar to the other, using, say, the north pole of the lode- 
stone, the south poles of the molecules will all be turned 
in the direction that the lodestone is moved along the 
iron bar. The south pole and the north pole of the nearest 
neighbouring molecules will attract each other (unlike 
poles attract) all the way along the piece of iron so that 
they will be arranged in a NSNSNSNS chain like nails 
are when they are picked up by a magnet. 

At the end of the iron on which the lodestone is placed 
the very last molecutes will have their north poles facing 
outwards, so that end of the iron will be the new magnet’s 
north pole. At the end of the iron from which the lode- 
stone was taken, the very last molecules will have their 
south poles facing outwards, so that end of the iron will 
be the south pole. 


ELECTRICITY | 


Electricity Made by Chemical Means 


What is an electric current? 
N ELECTRIC current is a flow of electricity carried 
by minute particles called electrons. Each electron has 

the same negative charge or ‘packet’ of electricity. 

Electrons normally form the outermost parts of atoms. 

In a good conductor, such as copper, some of the electrons 

are only loosely held to the atoms of copper. An atom 

which is in the unusual state of having less than its 
normal number of electrons will attract electrons from 
other atoms. If an electric ‘pressure’ is put between 
the two ends of a wire there will be a steady drift of 
electrons jumping from atom to atom along the wire. 

This ‘pressure’ is made by ensuring that the atoms at 

one end of the wire are short of electrons (they are 

positively charged) and those at the other end of the 


- 


Accumulators 


wire have a surplus of electrons (they are negatively 
charged). 


Electric current cannot be stored 


The electricity used in factories and in the home is 
supplied through cables from a generator in a power 
station. But electric current cannot be stored like water 
(for it is only the movement of electrons along the wire 
while the ‘pressure’ is operating at both ends) and it is 
not practical to carry a generator, which is driven by (say) 
a petrol engine around with you in order to produce 
electricity for such things as torches. Some small, portable 
means of producing electricity is therefore needed. Cells 
and batteries (a series of cells) are small and easily carried. 
Electricity is produced in them by chemical means. 


The simple voltaic cell and the dry cell are called primary or irreversible cells because the chemical reaction 


cannot be reversed and the materials used all over again. A secondary or reversible cell (e.g. a car battery) can be 
recharged and used again by passing a direct current of electricity in the reverse direction that the current flows 
in the cell. This completely reverses the chemical reaction that produced the current and so returns the chemicals 
to their previous state. 

The lead accumulator or lead storage battery is an example of a secondary cell. It consists of two kinds of 
lead plates, which are, in fact, grids or gratings to increase the surface area in contact with the acid. The holes in 
one kind are filled with spongy lead and the other with lead peroxide. The all-lead plates (negative) correspond 
to the zinc casing of the dry cell and the lead peroxide plates (positive) correspond to the carbon rod. 

A ne cell of a storage battery is made up of a series of alternate negative (lead) and positive (lead peroxide) 
plates. The plates are immersed in a solution of sulphuric acid and distilled water. 

Both the lead and the lead peroxide react with sulphuric acid to form lead sulphate. When both sets of plates 
are covered with a white deposit of lead sulphate the cell runs down because there is then no difference between 
the plates. The recharging current turns the lead sulphate back to lead on one plate and lead peroxide on the other. 
A complete battery consists of three or six cells connected up in an ‘electrical tandem’ arrangement, that adds 
together the electrical ‘pressure’ of all the cells. 


39 


| BIOLOGY | 


Animals and Plants 
which are Single-cells 


LANTS and animals are built up 

of numerous tiny units called 
cells. The human body contains many 
millions of millions of cells—a tenth of 
a pint of blood contains nearly 
300,000,000 cells and there are about 
nine pints of blood in the body! 

Yet there are some animals and 
plants that are single-celled. Whereas 
the processes which take place in 
many-celled plants and animals are 
shared out between many different 
kinds of cells, in a_ single-celled 
creature all the processes which are 
fundamental to life, such as feeding 
and breathing, are coped with by the 
one cell. It is not surprising, therefore, 
that many single-celled animals and 
plants are extremely complicated. 

Single-celled animals are called 
Protozoa; single-celled plants include 


@ Single-celled Animals 
® AMOEBA 


Amoeba (a-MEE-ba) is a small animal 
which 1s just visible to the human eye. It 1s 
an irregular mass of ‘jelly’ which looks 
very much like raw egg-white. It lives in 
Sresh water, feeding on diatoms and other 
minute plants, by pushing out small fingers 
(pseudopodia—SOO-do-po-dia) to sur- 
round the food which ts thus taken into the 
cell to be digested. To move, it pushes out 
pseudopodia at the front, pulling in the 
parts at the rear, and so ‘flows’ along 
through the water. The large clear blob 
inside it is called a contractile vacuole. 
This repeatedly grows in size by taking in 
water from the ‘jelly’ around it, and then 
bursts, so getting rid of the water. 
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bacteria and several kinds of algae. 
However, there are a number of 
single-celled creatures that are on the 
borderline between the animal and 
plant kingdoms. Usually we think 
of animals as being able to move while 
plants are fixed to the ground and 
unable to move, but many of the 
simple single-celled plants live in 
water and have whip-like hairs called 
flagella with which they are able to 
swim about, also there are some 
animals that do not move about. 
One factor which helps to decide 
the ‘status’ of an organism is the 
way in which it feeds. Green plants 
build up their own food from simple 
chemicals, water and carbon dioxide; 
animals are unable to make their own 
food from simple chemicals. They 
must eat either plants or other animals, 


@ GLOBIGERINA 


“eta at 


Ail \\\ \ 


1 
Globigerina (glow-bidg-er-in-a) is re- 
lated to Amoeba but has a chalky shell 
made up of about eight spherical chambers 


the sides of which are pierced by holes. Very - 


fine strands of protoplasm (the living jelly- 
like substance of which the animal is made) 
protrude through the holes forming a living 
web in which the small plants on which 
it feeds are trapped. Globigerina floats 
about in large numbers in the surface waters 
of the warmer seas. The empty shells of 
dead creatures sink slowly to the sea floor. 
It is from these that chalk is formed. 


breaking down the complicated sub- 
stances of which these are made and 
reorganising the material into the sub- 
stances of which they themselves are 
made. The method of feeding does not 
distinguish clearly between animalsand 
plants. Of the several kinds of Euglena 
(ewe-GLEEN-a), for example, some 
are green and produce food in the way 
that plants do, others are colourless 
and absorb tiny particles of food which 
are dissolved in the water. Another 
curious group of plant-animals are 
called Chrysomonads (cris-o- MON - 
ads). The same chrysomonad may 
take on the appearance of an amoeba 
(a-MEE-ba) (which is definitely an 
animal) or an alga (which is definitely 
a plant) or may become a colourless 
‘Euglena-like’ creature which feeds on 
solid food like a typical animal. 


@ PARAMECIUM 


Paramecium (fara-MEE-sium), the 
‘slipper animalcule’, is about i, inch 
long and lives in ponds. It has a stiff outer 
covering or cuticle which has an hexagonal 
pattern over it. In the middle of each 
hexagonal is a short hatr or cilium. The 
cilia beat in waves, giving a similar 
effect to the wind blowing on a field of 
wheat, so moving the animal through the 
water. On one side of the cell there is a 
mouth. Some cilia beat and draw water 
containing food particles into the mouth. 


@ Single-celled Plants 


® COSCINODISCUS 


Coscinodiscus (coss-in-o-DISC-us) is a 
minute brown-green plant called a diatom. 
It has a hard shell made of a glass-like 
substance called silica. The shell 1s in two 
halves which fit together like the lid and 
base of a polish tin and it ts sculptured 
with slits and holes so small that they are 
only vistble under the most powerful micro- 
scopes. Coscinodiscus lives in the surface 
waters of the sea, floating and drifting with 
the current. It has a number of food-produc- 
ing bodies which usually lie close to the walls 
of the cell and are brown-green in colour. 


@ PLEUROCOCCUS 


Pleurococcus (floor-o-COCK-us) is 
a tiny spherical single-celled plant or alga 
which forms the green covering on tree- 
trunks, wooden fences and walls. The thick 
cell wall is made of a starch-like substance 
called cellulose. The living material (proto- 
plasm) lines the cell wall and strands 
of it support the nucleus in the middle 
of the cell. There is only one large food- 
making body or chloroplast, which is 
green. 


@ CLOSTERIUM 


Closterium (clos-TEAR-ium) is a 
small green plant called a desmid which 
lives in water. Its shell consists of two 
symmetrical (balanced) halves, in each of 
which there is a large chloroplast or food- 
producing body containing chlorophyll. The 
nucleus occupies a central position in the 
cell between the two chloroplasts. 


@ MONOSIGA 


Monosiga (mono-seega) lives in water 
and remains fixed to the bottom by a short 
stalk. It has a long whip-like hair or 
flagellum which it beats to draw food 
particles (mainly bacteria) onto the outside 
of a sticky cup-shaped collar. These are 
carried down the collar into the body of the 
animal where they are digested. 


Borderline Cases 


_ CHLAMYDOMONAS 


Chlamydomonas (cla-mid-a-MOAN-as) is 
another creature on the borderline be- 
tween plant and animal kingdoms. It is 
about inch long and may be round or 
oval. It has a large cup-shaped food-produc- 
ing body which contains chlorophyll. Above 
the open end of this cup isa painofwhip-like 
flagella. These beat to move the creature 
from one place to another. In the centre of 
the cup is a dark round body, the nucleus. 
This controls the workings of the cell. Near 
the rim of the cup is a small red spot, the 
eyespot. This is sensitive to light and ensures 
that the creature is always ina position to re- 
ceive a suitable amount of light for its food- 
making process, for like green plantsChlamy- 
domonas makes its food from water and 
carbon dioxide, using the energy of sunlight. 


EUGLENA | 


Euglena (ewe-GLEEN-a) is about 515 inch 
long and lives in ponds. It is coloured 
green by the plant pigment chlorophyll, and 
it builds up its food (starch) from carbon 
dioxide and water as a green plant does. It 
has a single whip or flagellum at one end 
which it beats in order to swim. Some 
types of Euglena are colourless and feed on 
food which is dissolved in the water. 
Other closely related forms eat solid food 

articles like typical animals. Whether 
Favlens is a plant or an animal is still 
disputed. ; 
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SING A MICROSCOPE 


SCIENTIFIC INSTRUMENTS 


Wis THE microscope we are able to see living 
things that are too small to be seen with the naked 
eye. We can study the detailed structure of animals 
and plants and we can observe small animals feeding, 
moving, defending themselves and attacking others. Geo- 
logists use it to investigate the inner structure of rocks: 
when they search for oil they can find out if an area is 
oil-bearing by examining thin wafers of rock from the 
samples brought up from bore holes. These show what the 
rock was originally made of. The microscope has many 
uses in industry, as in the study of the structure of metals 


What is a Lens? 


A simple lens is a piece of transparent material (nearly 
always glass) which has been ground and polished to a 
special shape. A magnifying glass is a familiar example of 
a simple lens. It is fatter in the middle than at the edge 
and so is called a convex or converging lens. The rays of 
light which enter the eye have been bent while passing 
through the lens in such a way that they appear to be 
coming from a very much larger object. 


and the fibres used in making textiles. But, above all, we 
associate the microscope with the study of disease, for 
it was not until its invention that we knew of the existence 
of bacteria and other disease-causing organisms. Since that 
time many ‘germs’ have been identified and conquered. 

To the naked eye the surface of a leaf may look smooth, 
but under the microscope the tiny pores through which 
the plant breathes can be seen. Our blood has the appear- 
ance of a red liquid, yet under the microscope we see it 
as a pale, straw-coloured liquid (the plasma) in which 
thousands of tiny, disc-shaped cells, the corpuscles, float. 
The microscope, then, magnifies objects so that we can 
see structures that are not normally visible to us. But the 
purpose of the micrgscope is not just to produce a mag- 
nified image of a small object, it is to distinguish clearly 
between two particles which are very close together—as 
two particles, not as one. 

When you use a microscope light must shine through a 
partly transparent object, and its image is then enlarged 
by the lenses (objective and eyepiece) so that it is magnified 
to your eye. 

The mirror reflects light up through the condenser 
which is a lens that concentrates light upon the object. 
The object must be thin and partly transparent to allow 
light through it and it is normally placed on a glass slide. 
The objective lens forms a magnified image of the object. 
This image is ‘thrown’ onto the eyepiece, which magnifies 
it even more, and passes to the eye of the observer which 
is positioned over the eyepiece. Light rays, therefore, 
pass from the mirror up through the condenser, object, 
objective lens and eyepiece into the observer’s eye. 

The power of magnification may vary from about x 12 
to x 2,000. The objective contributes most of this. With a 
x50 objective anda x4 eyepiece a magnification of x 200 
is obtained. Magnification is the number of times the 
diameter of the object is enlarged: x 100 means a hundred 
times the length and a hundred times the breadth. 


Condenser The condenser Mirror 
Adjustment can be moved up Adjustment 
or down, to reg- i 


ulate the amount 
of light falling on 
the object and to 
give an even field 
of illumination, 
by turning a 
small knob under 
the stage. 
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To focus the ob- 
ject under low 
power, rack the 
tube down until 
the objective 
almost touches 
the slide, using 
the coarse adjust- 
ment, then rack 
upwards until 
object is in focus. 


Light shining on Low-power 
the mirror is di- Focusing 
rected onto the 
object by adjust- 
ing the tilt of 
the mirror. If 
daylight is used, 
use light from a 
cloudy part of 
the sky, not sun- © 
shine direct. 


The instrument pictured here is a compound micro- 
scope, because it uses a series of lenses instead of just one 
to magnify the object and make it clear. The eyepiece 
is usually made up of two lenses arranged one at each 
end of the tube which forms the body of the eyepiece. 
The objective may be made up of as many as ten lenses. 
This prevents the image appearing blurred or distorted 
with a fringe of colour round it, as so often happens with a 
simple lens. On this microscope there are three objectives, 
but some may have one, two or even four objectives 
(each giving a different power of magnification). They are 
screwed into the nosepiece and a high-, medium- or low- 
power magnification may be obtained by revolving the 
nosepiece until the required lens is in position. 

There are a number of points to remember about the 
use and care of the microscope. The slide carrying the 
object is placed on the stage and held in position by the 
slide clip. To focus on the object it is important to first 
lower the body tube, using the coarse adjustment, until 
the bottom of the objective is almost touching the object. 
Then bring the object into focus by rotating the coarse 
adjustment towards you and so moving the tube upwards. 
For low-power focusing only the coarse adjustment will 
be needed, but for high-power focusing the fine adjust- 
ment should be used after the object has been brought 
into rough focus with the coarse adjustment. Always focus 
upwards. This avoids damaging the lens and the object 
by racking the tube down too far. 

It is very important that the lighting is so adjusted that 
it gives an evenly illuminated field of view. If the micro- 
scope is fitted with a condenser, the plane (flat) side of 
the mirror should be used to direct light onto the slide. 
The lenses should only be cleaned with a good-quality 
chamois leather and if any dirt remains then the cloth 
can be wetted with pure alcohol. 


View under low View under View under high 
power medium power power 


(magnification 15) (magnification x 100) (magnification x 300) 
Cells scattered Individual cells can Detail of individual 
ina piece of cartilage. be seen. cells can be seen. 
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High-power 
Focusing 


Wind the body 
tube, with the 
high-power ob- 
jective lens in 
position, right 
down so that it 
is almost touch- 
ing the specimen, 
by rotating the 
coarse adjust- 
ment forwards. 


Slowly move the 
coarse adjust- 
ment (large 
knob) backwards 
(towards you), so 
raising the high- 
power objective 
away from the 
specimen until 
it is in rough 
focus. 


When the speci- 
men is in rough 
focus rotate the 
fine adjustment 
(lower knob) un- 
til it is clearly in 
focus. The same 
procedure is car- 
ried out using 
the medium- 
power objective. 
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Otto von Guericke 


Ortrto von Guericke was an amateur scientist. But 

for his experiments he would probably have gained 
only a small local reputation as Burgomaster (mayor) of 
the German town of Magdeburg. He was, however, 
destined to become far more famous as the creator of one 
of the most spectacular experiments in the early history of 
science. 


Even the two teams of powerful horses could scarcely pull the 
hemispheres apart. The pressure of the air outside, far greater 
than that within the sphere, held the two halves together. 


| FAMOUS SCIENTISTS | 


GUERICKE and his 
Great Vacuum Sphere 


Guericke (1602-1686) lived at a time of growing interest 
in the pressure of air and vacuum. The great Italian Galileo 
had dabbled before him in this branch of science. So had 
Galileo’s fellow countryman, Evangelista Torricelli. The 
latter managed to produce a vacuum in the space within 
the closed (top) end of an upright tube filled with mercury. 
He noticed that the vacuum apparently held the mercury 
up in the tube. About 1650, Guericke invented the first 
practical air-pump, capable of removing air from an 
enclosed space to produce a near vacuum. 

Then, in 1654, came Guericke’s greatest experiment. He 
made two metal hemispheres—hollow half-globes—put 
them together and pumped all the air from between them. 
The force of the air pressing from the outside greatly 
exceeded that of the very small pressures of the near 
vacuum within. To prove just how great was the force 
needed to part the hemispheres, because of the pressure 
of the outside air holding them together, the scientist 
obtained sixteen horses, dividing them into two teams, and 
hitched one team to each of the hemispheres. Pulling as 
hard as they could, the combined strength of all sixteen 
horses was scarcely great enough to force them apart. 

This experiment lost nothing in spectacle by being per- 
formed at Regensburg before the court of Emperor 
Ferdinand III. As a result of the ‘Magdeburg hemi- 
spheres’ experiment, scientists came to realise far more the 
importance of pressures of the atmosphere. 

The inquiring mind of Otto von Guericke did not con- 
fine itself only to studies in pressure. He also made an early 
electric machine, and conducted experiments in a wide 
variety of scientific fields. 


NAVIGATION 


Latitude 


and 
Longitude 


10°N, 130°W 


T IS fairly easy to find a particular spot in a strange 

city if you are told which streets to follow and which 
buildings to look out for. But you could not find a ship 
in distress in this way—there are no landmarks on the 
ocean. 

Imaginary lines of reference are used in order to fix 
the position of places on the globe. They are called lines 
of latitude and lines of longitude. Lines of latitude circle 
the Earth parallel to the Equator. They have to be 
labelled in some manner and the easiest way is by degrees. 
Every circle contains 360 degrees (360°). The Earth 
can be thought of as circular (apart from a slight flatten- 
ing at the Poles), so the cross-section between the North 
Pole and the South Pole is a half-circle and contains 180°. 
Starting from the Equator (which is halfway between the 
Poles) lines of latitude are marked off north and south up 
to go° (the North and South Poles being go° North and 
go° South respectively). 

Lines of longitude (meridians) all run from Pole to 
Pole and cut the lines of latitude at right-angles. There is 
no convenient starting point, like the Equator, for the lines 
of longitude, so one has been selected, the line of longitude 
which passes through the Observatory at Greenwich, 
London. This is called the Prime Meridian. The rest are 
marked off at one-degree intervals up to 180° East and 
West where the two lines coincide. The 180th meridian 
passes through the north-eastern tip of Asia. 

By referring to these lines of latitude and longitude, 
navigators at sea can give their position accurately and 
in a way which will be understood by everyone, e.g. 10° 
North, 130° West. For greater accuracy, each degree of 
latitude and longitude is divided into 60 minutes and each 
minute into 60 seconds. The Tower of London, for 
instance, is 51°30’24” North, 0°04'42” West. This bearing 
is, of course, for the centre of the building. 
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90° S 
Lines (or parallels) of latitude circle the Earth parallel to the 
Equator. They are marked off at one-degree intervals north and 
south up to go° (North and South Poles). Thus, the 30° North 
line of latitude makes an angle of 30° with the Equator at the 
middle of the Earth. The distance of a degree of latitude is 69 
miles, except near the Poles where, due to a slight flattening of the 
Earth, it 1s a little more. wig0re 


0° 


Lines of longitude (meridians) run from Pole to Pole and cut the 
lines of latitude at right-angles. They are marked off at one- 
degree intervals from the Prime Meridian (which passes through 
the Observatory at Greenwich, London) up to 180° East and West, 
where the two lines coincide. The distance of a degree of longitude 
varies from 0 at the Poles to 69 miles at the Equator. 
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SHAPING OF 
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SHAPED 
GLASSWARE 


BOTTLES 
ANNEALED 
IN TUNNEL 
TO REDUCE 
INTERNAL 
STRESSES 


FINISHED 
GLASSWARE 
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BROKEN 
GLASS 


| TECHNOLOGY | 


The Story 


FROM SANDPIT 
TO WINDOWFRAME 


HE MOST common and_ the 

cheapest form of glass is that used 
in making bottles and window panes. 
It is sometimes called soda glass be- 
cause soda is used in its manufacture. 
The other substances involved are 
sand and limestone. These are heated 
together in a furnace so that the mix- 
ture melts and chemical changes take 
place. The sand and soda combine to 
form sodium silicate and the limestone 
and the sand combine to form calcium 
silicate. The glass produced is thus a 
mixture of sodium and calcium 
silicates. 

The next stage in the manufacture 
is the shaping of glass into sheet or 
bottles. The molten mixture can be 
passed between large rollers to make 
it into a sheet. This is allowed to cool 
and may be then polished between 
two flat surfaces to make it ready for 
your window or mirror. In the case 
of glass bottles the mixture is usually 
blown into bubbles within a mould 
the shape of the bottle. This part of 
the operation is done by an automatic 


- wide-mouthed bottles 


. The ae is fed into a mould; 2. plunger presses to hollow shape; 3. partly shaped glass 


a, 


put in finishing mould; 4.. air blown in produces final shape; 5 


machine which can turn out hundreds 
of bottles an hour. 

The shaped glass must be cooled 
very carefully to avoid stresses and 
strains being set up within it. This 
slow, controlled cooling is known as 
annealing. Usually this is done as a 
separate process, the finished articles 
being re-heated and then annealed. 

These are the main processes in the 
manufacture of glass: melting the 


of Glass 


raw materials so that they will com- 
bine to produce glass; shaping the 
glass; and finally annealing. The 
type of glass produced is mainly 
controlled by the ingredients of the 
mixture. In the case of high-grade 
crystal for tableware, for example, the 
main raw materials are sand, potash 
and lead oxide, with slight traces of 
soda and iron oxide. The finishing off 
of the articles here is very important. 
With cut glass, for example, designs 
are cut on the surface with small 
rough-edged wheels. Another difficult 
art is glass-blowing (without moulds) 
where this is done by hand. The 
craftsman takes a blob of glass on the 
end of a hollow tube and _ blows 
through the tube. A bubble of glass is 
formed which can be further shaped 
by being rolled along a metal table, 
by being whirled around in the air or 
by being pulled about with special 
tools. Generally these hand processes 
are now used only for special items 
where mass-production methods are 
not suitable. 
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. finished jar. 


Optical glass for lenses, scientific 
glassware, heat-resisting Pyrex, 
stained glass for church windows— 
the list of kinds of glass is almost 
endless. But what is it that makes 
glass so useful to us? First, its trans- 
parency, its ability to let light rays 
pass through it (so that we can see 
through it). Secondly, and perhaps 
more important, is the ease with 
which it can be shaped. The reasons 


ent re : “ os - i - — 
Polishing plate glass. A continuous ‘ribbon’ of glass 1s passed 
between the moving polishing surfaces which make it absolutely 
flat and smooth on both sides. 


Hand shaping of glass. (left) Blowing a large bubble of glass and 
(right) engraving a design on the surface of a tumbler with a 
Spinning copper wheel. 


Forming narrow-mouthed bottles 


2 
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1. Glass fed into mould; 2. the neck is formed; 
to the finishing mould; 6, bottle blown to its final shape; 7. finished bottle. 


for this are rather complicated and are 
mainly due to the fact that glass has 
the structure of a liquid. It is NOT 
composed of groups of crystals and it 
does not suddenly melt at a particular 
temperature as a true solid would. 
Scientists classify it as a supercooled 
liqud meaning that it has not 
crystallised even though it has been 
cooled well below its proper freezing 
point. 


Optical Glass 


‘Lead Crystal’—for 
Window Glass 
Bottle Glass (clear) 


‘Pyrex’-type Glass—for ovenware 


Coloured Beer Bottle Glass 


Narrow-necked bottles emerge from the finishing mould. Later 
they will be reheated and cooled slowly (annealing) to reduce the 
strains set up inside the glass. 


= 


3. air blown in from neck produces hollow shape; 4. which ts removed and 5. transferred 


Some Different Types of Glass 


Glass Main Ingredients 


Sand, Boric Oxide, Potash, Iron, Soda. 
Sand, Boric Oxide, Soda, Alumina 
Sand, Lead Oxide, Potash 

Sand, Soda, Lime, Magnesia, Alumina 


tableware 


Sand, Soda, Lime, Alumina 
Sand, Soda, Lime, Alumina, Manganese Oxide, 
Iron Oxide 
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| DYNAMICS | 


The 
First 


Law of 
MOTION 


‘If a body is at rest 

it will remain 

at rest, and if it is in 
motion it will 

remain in motion at a 
constant velocity 

in a straight line, unless 
it is acted upon 

by a force.’ 


WHEN a bus moves away quickly 

from a stop the passengers are 
thrown backwards in their seats. If 
the driver brakes suddenly they are 
thrown forwards. Similarly the safety 
belts in a motor car are to prevent 
passengers from being hurled against 
the windscreen if the car should be 
suddenly halted in a collision. There 
is obviously a tendency for anything 
moving or anything being carried 
along to keep on moving, if it can, 
and for objects at rest to remain at 
rest. This double tendency is called 
inertia. Sir Isaac Newton (1642-1727), 
one of the greatest scientists of all 
time, summarized the principle of 
inertia in his first law of motion. His 
version can be stated as follows: ‘If 
a body is at rest it will remain at rest, 
and if it is in motion it will remain in 


When the car is brought to a sudden halt the driver tends to keep on moving as before. 
Mis forward movement throws him against the windscreen. 


If the driver is wearing a safety belt he still experiences a tendency to keep on moving. But 
he does not hit the windscreen because the belt exerts a restraining force. 


motion at a constant velocity in a 
straight line, unless it is acted upon by 
a force’. Velocity means very much 
the same thing as speed, except that 
the movement is in one particular 
direction. Speed is a rate of move- 
ment which may be in varying 
directions. 

The first law of motion is useful 
because it gives the real meaning of 
the word ‘force’. We usually think 
of a force as the push or pull needed 


The car coasting downhill without friction tends to climb the next slope until it reaches 
a height equal to that from which it started. If the downhill slope is followed by a horizontal 
track (right), the car must go on for ever trying to reach its original height. 
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to move something. By twisting the 
law round, ‘force’ is defined more pre- 
cisely as anything which alters the 
velocity of a body. 

Newton’s first law is based on the 
experiment of Galileo Galilei, an 
Italian scientist who made the first 
real study of motion. Galileo came 
to the conclusion that a body at rest 
tends to remain at rest, and a body 
moving in a straight line tends to 
continue with unchanging velocity 
for ever. We know, of course, that in 
ordinary circumstances a moving 
body cannot go on travelling for ever 
because of the slowing-down effects 
of friction and air resistance. Outside 
the Earth’s atmosphere these forces 
are absent and it is then true that any 
moving object, whether it is a rocket 
or a speck of dust, will never be 
brought to rest, unless it is acted upon 
by the force of some heavenly body 
that it encounters on the way. 


Thermal Efficiency 
of Engines 


ANY fuel-burning engine is converting heat into work. 

Engineers are interested in knowing how much fuel 
an engine needs in order to do a certain amount of work. 
The steam engine uses the heating power of coal, the in- 
ternal combustion engine uses the heating power of 
various forms of petroleum. 

It is possible to calculate the amount of work to be 
done from a certain amount of fuel; there is a fixed heat- 
to-work ratio. So, by comparing the amount of heating 
power of a fuel that is turned into the work with the 
amount that should be we can measure how efficient an 
engine is at converting heat into power-—the thermal 
efficiency of a fuel-burning engine. The most efficient 
engine is the one which turns most of the heat of its fuel 
into useful work. No engine can be 100% efficient and 
most are surprisingly inefficient. 

The ordinary steam piston engine is the least efficient. 
The best of them converts only one-fifth of the heat energy 
of its fuel into work. The rest is lost in escaping steam, 
in heat losses from the boiler to the outside air, and in hot 
flue gases leaving the funnel. There are further losses, 
too, for a large amount of the work done by the piston 
is wasted in friction. The result of this in a steam loco- 
motive is that 93% of the heating power of the coal is 
wasted. The efficiency of a steam locomotive is only 7% 
(just 4% higher than Watt’s steam engine built in 1777). 
The way to make a steam engine more efficient is to 
increase the pressure of the steam in the boiler and make 
the pressure at which it escapes to the open air as low as 
possible (by making it expand as much as possible before 
escaping). In practice this involves too much increase in 
weight and size in a railway locomotive. The higher 
the pressure of the steam in the boiler the hotter it will 
be, i.e. the more heat it will contain, and the lower the 
pressure of the escaping steam the cooler it will be, i.e. the 
less heat it will contain. If, for example, the steam in the 
boiler contains 5,000 calories (the standard unit of 
measurement of heat), and the escaping steam carries 
away only 2,500 calories, then half of the heat has been 
put to good use, a great improvement in efficiency. 

The steam turbine is more efficient than the piston type; 
the best convert over 30% of the heat of their fuel’ into 
power. In this type of engine the steam in a jet plays 
on blades and turns them (rather as the wind turns the 
sails of a windmill) instead of pushing a piston. The 
steam passes through more than one chamber, being 
allowed to expand more in each (i.e. decrease in pres- 
sure) so that it is made to turn as much of the heat it 
contains into work as possible. Turbines are normally 
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e only 7%. 
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Rete 
A straight electric locomotive (overall efficiency 25%) cannot be 


more efficient than the steam turbine engines which turn the heat 
of coal into electricity at a generating station 


A diesel locomotive 1s roughly four times as efficient as a steam 
locomotive. Diesel engines are used in locomotives either to drive 
the wheels directly or to produce electricity to feed a motor. 


used to drive dynamos in electricity generating stations. 
The difficulty about using them in locomotives is that the 
blades revolve at a very high speed and a large system 
of gears is needed to slow down the movement to that of 
locomotive wheels and that adds a great deal to the 
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Arrangement of 
H.P. and L.P. steam 
turbines in single 
screw ship 


High 
pressure 
turbine 


Low 
pressure 


Gears s 
turbine 


combining out- 
put of high and 
low pressure turbines 


In the steam turbine engine a jet of expanding steam plays 
against the blades of a rotor, so turning it. In order to make 
the steam do as much work as possible before escaping it is 
passed through more than one chamber, each larger than the 
one before. In each chamber the steam can expand further and 
at the same time drive rotors. 


ERAS. 100°, Thermal Efficiency, the impossible ‘perfect’ engine. 


weight that the locomotive has to move. Another problem 
is that the direction in which the blades rotate cannot be 
reversed. 

The internal combustion engine is more efficient than 
any type of steam engine, the best can turn almost 35% of 
the heating power of its fuel into work. But it needs to run 
on petrol to do this and petrol is very expensive, since it 
forms only a small part of the petroleum. A part of the 
petroleum which cannot be turned into petrol can, how- 
ever, be used in a different kind of internal combustion 
engine — the Diesel engine. The efficiency here, usually 
about 30%, is quite high and an important factor in its 
favour is the relative cheapness of its fuel. Diesel engines, 
which need to be fairly strongly built and therefore 
weighty because of the high pressures involved, are being 
used more and more in locomotives. 

Many locomotives are run by electric motors and these 
have a surprisingly high efficiency of about 95%. This 
is not as good as it sounds because they are only con- 
verting 95% of the electrical energy supplied to them into 
useful work. The electricity comes from a generating 
station and is usually produced by steam turbine engines 
driving dynamos. The turbines convert only about 30% 
of the heating power of the coal into electricity; some of 
this is lost in distribution and the electric motor wastes 
5% of the electrical energy it receives, so, in the end, little 
more than a quarter of the energy of the coal is actually 
used. 

In the diesel-electric locomotive, a diesel engine is used 
to drive a generator and produce its own electricity. 
Although it has many advantages over the straight electric 
locomotive (mainly the fact that it does not have to be 
constantly supplied with electricity from rails or wires) 
the efficiency cannot be higher than that of the diesel 
engine. 
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F we could separate all the atoms in the Universe we 

should find that there are g2 different kinds. A 
substance whose atoms are all of one kind is called an 
element and we might expect to find supplies of 92 pure 
elements in Nature. But this is not the case, for many 
of the elements have very strong tendencies to join up 
with each other and long ago did so. In fact the vast 
majority of substances we see around us are combinations 
of two or more elements. These combinations are called 
compounds. 

When elements combine it is because atoms of one 
merge with atoms of the other. The merging of atoms 
produces molecules, the smallest particles of any com- 
pound. Since atoms always merge according to strict 
recipes that call (for instance) for two atoms of element A 
to join one atom of element B to make a complete mole- 
cule, and since one atom of element A weighs a different 
amount than one atom of element B it is not surprising 
that each particular compound always contains the same 
elements in the same proportion by weight. In merging 
together the different atoms lose their individual proper- 
ties, i.e. their typical behaviour. A molecule is unlike the 
atoms from which it is formed and a compound is unlike 
the elements which it contains. For example, the elements 
hydrogen and oxygen are both gases at normal tempera- 
tures, yet they combine to form water, a liquid. 

The tendencies of elements for joining up with others 
are by no means clear cut. 


METALS. In general it is true to say that metals do 
not form compounds with other metals. Alloys such as 
brass (copper and zinc melted together) are not real 
compounds since the separate atoms are not merged 
together. (They stay together because the atoms of one 
are locked physically in the crystal structure of the atoms 
of the other like tiles in a mosaic). Metals do join with the 
elements oxygen, chlorine and sulphur. Gold and plati- 
num rarely form compounds, and such compounds are 
easily broken. 


METALS normally do not join together to form compounds. 


COPPER MAGNESIUM 


POTASSIUM BARIUM 


ALUMINIUM SODIUM 


PARLTUER SWI P 


METALS do join with oxygen, chlorine and sulphur. 


OXIDES CHLORIDES SULPHIDES | 


Ge 060 00 


COPPER OXIDE CuO COPPER CHLORIDE CuCl, COPPER SULPHIDE CuS 
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IRON OXIDE Fe,O, IRON CHLORIDE FeCl, IRON SULPHIDE Fe.S, 
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LEAD OXIDE PbO 


E 


MAGNESIUM OXIDE MgO 


LEAD SULPHIDE PbS 


Ge 


LEAD CHLORIDE PbCI, 


MAGNESIUM CHLORIDE 
MgCl, 


MAGNESIUM SULPHIDE 


MgS 


ULPHIDE ZnS 


ZINC OXIDE ZnO 


ZINC CHLORIDE ZnCl, 


ALUMINIUM OXIDE AI,O, ALUMINIUM CHLORIDE 


Al.Cl, 


SODIUM CHLORIDE NaCl 


= OXIDE Na,O 


MERCURY OXIDE HgO 


wo 


MANGANESE OXIDE MnO 


ALUMINIUM SULPHIDE 
AlSs 


SODIUM 
SULPHIDE Na,S 


MERCURY CHLORIDEHgCl, 


MANGANESE CHLORIDE 
MnCl, 


MERCURY SULPHIDE HgS 


MANGANESE SULPHIDE 
MnsS 


Continued over page 
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Continued from previous page 


OXIDES 


CHLORIDES | | SULPHIDES | 


CALCIUM OXIDE CaO CALCIUM CHLORIDE CaCl, CALCIUM SULPHIDE CaS 


TIN OXIDE SnO, 


6: 


BARIUM OXIDE BaO 


we 


COBALT OXIDE CoO 


m 


NICKEL OXIDE NiO 


TIN CHLORIDE SnCl, TIN SULPHIDE SnS, 


BARIUM CHLORIDE BaCl. BARIUM SULPHIDE BaS 


COBALT CHLORIDE CoCl, COBALT SULPHIDE CoS 


NICKEL CHLORIDE NiCl, NICKEL SULPHIDE NiS 


CHROMIUM OXIDE Cr,O, CHROMIUM CHLORIDE CHROMIUM SULPHIDE 


rCl, Cr.S5 


SILVER OXIDE Ag,O SILVER CHLORIDE AgCl SILVER SULPHIDE Ag,S 


POTASSIUM 
SULPHIDE K,S 


POTASSIUM 
OXIDE K,O 


OXYGEN is a remarkable joiner. It combines with 
pretty well everything to form compounds called oxides. 
Some elements (they nearly always include oxygen), 
form groups and each group acts as a single unit. These 
extremely important single units are known as RADI- 
CALS. The name of the radical tells how much oxygen 
it contains. A name ending in -IDE means no oxygen: 
e.g. sulphide, nitride, chloride, etc. (except of course for 
oxide). A name ending in -ITE means a medium amount 
of oxygen: e.g. sulphite, nitrite, chlorite. A name ending 
in -ATE means a lot of oxygen: e.g. sulphate, nitrate. 


POTASSIUM CHLORIDE 
KCI 
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OXYGEN joins with pretty well everything. 


CARBON DIOXIDE CO, 


—~ ey 


NITROGEN PEROXIDE NO, 
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BORON TRIOXIDE B,O, 


RADICALS 
NITRATE (NO,) 


THE METAL SILVER 


NITRITE (NO,) 
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ARSENIC TRIOXIDE As,O, 


THE RADICAL (NO,) 


Ly ee 


THE METAL SODIUM 
SULPHATE (SO, 


THE METAL MAGNESIUM 
SULPHITE (SO,) 


THE METAL SODIUM 
CARBONATE (CO 


THE METAL ZINC 


HYDROXIDE (OH) 


THE RADICAL (NO,) 


THE RADICAL (SO,) 


THE RADICAL (SOs) 


THE RADICAL (CO,) 


THE METAL POTASSIUM 


THE RADICAL (OH) 


FLUORINE OXIDE F,O 


SULPHUR DIOXIDE SO, 


“6- 


SILICON OXIDE SiO, 


CHLORINE OXIDE Cl,O 


SILVER NITRATE AgNO, 
SODIUM NITRITE NaNO, 


MAGNESIUM SULPHATE 
MgSO, 7 


SODIUM SULPHITE Na,SO, 


ZINC CARBONATE ZnCo, 


OTASSIUM HYDROXIDE 
KOH 


HYDROGEN joins with most non-metals to form 
compounds that are stable (not easily broken). Gommon 
examples are water (hydrogen and oxygen), methane 
(hydrogen and carbon) and ammonia (hydrogen and 
nitrogen). Hydrogen also joins with certain metals to form 
hydrides — but these compounds are not very stable. 


SN ia a soap most non-metals. 


we 


PHOSPHINE PH, B.H, 
(PHOSPHORUS (BORON 
HYDRIDE) 


f 


METHANE CH, 
(CARBON 
HYDRIDE) 


STIBINE SbH, 
(ANTIMONY 
HYDRIDE) 


WATER H,O 
(HYDROGEN 
HYDRIDE) OXIDE) 
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MONO-SILANE AMMONIA ARSINE HYDROCHLORIC 


iH, NH, AsH, ACID HCI 
(SILICON (NITROGEN (ARSENIC (HYDROGEN 
HYDRIDE) HYDRIDE) 


HYDRIDE) CHLORIDE) 


HF 
(HYDROGEN 
FLUORIDE) 


HYDROGEN also joins with metals such as:— 


wo 
KH 


POTASSIUM 


HYDRIDE HYDRIDE HYDRIDE 


AG SF 


CALCIUM 
HYDRIDE 


AIH, 
ALUMINIUM 
HYDRIDE 


Meh, 
MAGNESIUM 
HYDRIDE 


ZINC 7AYDRIDE 


CHLORINE is another vigorous joiner. It combines 
with most metals and a number of non-metals including 
carbon, hydrogen, phosphorus and sulphur. 


CHLORINE 


CCl, HCI PCl, SbCl, 
CARBON HYDROGEN PHOSPHORUS ANTIMONY 
TETRACHLORIDE CHLORIDE TRICHLORIDE TRICHLORIDE 


AsCl, 
ARSENIC 
TRICHLORIDE 


SiCl, 
SILICON TETRACHLORIDE 


S,Cl, 
SULPHUR 
MONOCHLORIDE 


SULPHUR also combines with most metals and the 
non-metals carbon, hydrogen, oxygen, etc. 


~ CARBON joins with a few metals to form carbides. Its 
most important compounds, however, are those with 
hydrogen and oxygen. About half a million of these are 
known and they have a special section of chemistry to 
themselves. It is called Organic Chemistry. A series of 
articles on organic chemistry starts on page 61 of this issue. 


CARBON 
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CARBON 


CARBON SIOXIDE DISULPHIDE 


SILICON” te ARBIDE 


CH, CCl, B,C 
METHANE CARBON TETRACHLORIDE BORON CARBIDE 


CARBON with metals:— 


Cac, Fe,C wc 
CALCIUM CARBIDE IRON CARBIDE TUNGSTEN CARBIDE 


NITROGEN does not join readily with anything except 
oxygen and hydrogen, but harnessed with these (as a 
radical) does join quite a few elements. 


NITROGEN 


NITRIC SxIDE NITROUS OXIDE NITROGEN | PEROXIDE 


NH, CN, 
AMMONIA CYANOGEN 


The INERT GASES (neon, helium, krypton, argon 
and xenon) NEVER join anything, which is why they are 
called inert. 


INERT GASES 


NEON HELIUM 


When light rays, travelling parallel to the 
principal axis of a concave mirror are 
reflected, all pass through one point, known 
as the principal focus. 


Searchlights and car headlights use concave 
mirrors. A light source is placed at the 
principal focus and those rays which strike 
the mirror are reflected as a parallel beam. 


Many ee mirrors are based upon the 
fact that if you stand near a concave 
mirror the image of your ba will be 
larger than l1fe. 


The Newtonian telescope. Light rays from 
a distant object strike the concave mirror at 
the bottom of the tube and are reflected 
towards the principal focus. Near the 
Socus they strike a small flat mirror which 
reflects them out through the side of the 
tube to the eyepuece. 
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Curved 


AN ORDINARY flat (plane) 

mirror can only give an image 
that is the same size as the object. 
The image is always upright and it 
always appears to be behind the 
mirror. It can never be caught ona 
screen because it is an unreal or 
virtual image. Curved mirrors, on the 
other hand, can produce images 
which are magnified or diminished, 
upright or upside down, real or 
unreal. 

The most important types of curved 
mirrors are the concave (like the bowl 
of a spoon) and the convex (like the 
bulging back of a spoon). Both 
types can be cut from a hollow glass 
sphere—the difference depends on 
which side of the glass is silvered to 
make a reflecting surface. 

A ray of light striking a plane 
mirror behaves like a ball striking 
the side of a billiard table—it bounces 
off at an angle equal to that at which 
it made contact. Now exactly the 
same thing happens with a curved 
mirror, for a curved mirror may be 
imagined as being made up of count- 
less tiny plane mirrors. But each of 
the plane mirrors is facing in a 
slightly different direction to its 
neighbours so that the rays in a 
parallel beam are reflected through 
different angles depending on where 
they strike the mirror. 

A concave mirror gathers up rays 
of light falling on it and can even 
bring them to a point. Because of 
this, a concave mirror can make rays 
converge to form a real image. Real 
images are always upside down. If 
the object is a long way from the 


When light rays, travelling parallel to the 
principal axis of a convex mirror are 
reflected they diverge. But all appear to 
originate from a point behind the mirror— 
an imaginary focal point. 


Mirrors 


mirror the image is reduced in size 
and appears about half way between 
the mirror and its centre of curvature 
(the centre of the sphere from which 
the mirror was cut). The point half 
way between the mirror and the 
centre of curvature is called the 
principal focus. 

A beam of light from a very distant 
object (in which all the rays are 
parallel) converges onto the principal 
focus. Rays from the Sun, for ex- 
ample, are converged to form a 
small image that appears as a bright 
spot of light on a piece of white 
paper held in front of the mirror at 
its principal focus. This is put to 
good use in the reflecting telescope 
(although the mirrors used as reflec- 
tors are not exactly spherical). The 
small inverted image formed in the 
telescope is magnified by a system of 
lenses. 

If an object is placed between a 
concave mirror and its principal 
focus the image is formed behind the 
mirror. It is, of course, an unreal 
or virtual image, since rays of light 
cannot pass through a mirror. The 
virtual image is upright and mag- 
nified. A concave mirror is used in 
this manner as a shaving mirror. 

A convex mirror can only give one 
kind of image. No matter where the 
object is situated its image in a 
convex mirror is always upright, 
diminished and unreal. Driving 
mirrors are convex so that rays from 
a very wide area are reflected to the 
driver’s eye—his field of view is 
increased because he sees a larger 
number of smaller images. 


Some driving mirrors are convex. They 
gather in light from a wide surrounding 
area and dtrect the rays to the driver’s eye. 
In this way he can see a diminished image 
of the whole road behind him. 


| ECOLOGY | 


NLY three-tenths of the Earth’s 

surface is land, and of this over 
a fifth is desert in which very few 
plants or animals are able to live. 
The rest of the Earth’s surface is 
covered by the sea at an average 
depth of about 12,500 feet (over two 
miles). Every corner of it is in- 
habited. It provides a vast home for 
an enormous variety of creatures 
ranging from microscopic, single- 
celled plants to the huge blue whale 
which may grow to over a hundred 
feet long. 

Particularly important in the econ- 
omy of the sea are the myriads of 
floating and drifting creatures and 
plants found mainly in the surface 
waters. These plants and animals 
are collectively called plankton. The 
majority are microscopic and are 
suspended in the water in much the 


The 


creatures, 


same quantities as the dust particles 
we sometimes see in a beam of light. 

Not enough light penetrates below 
150 feet in most parts of the sea to 
enable the plants to produce their 
own food so they occur only in the 
upper layers. Only green plants are 
able to manufacture their own food 
from carbon dioxide and water, using 
the energy of sunlight. All animals 
therefore depend on plants for their 
food, for if they themselves do not eat 
plants they eat other animals that 
have eaten plants. 

The planktonic plants are respon- 
sible for making nearly all the food 
material in the sea. This is why they 
are sometimes called ‘the pastures of 
the sea’. 

The tiny animals of the plankton 
(mainly crustaceans called copepods) 
graze on the plants. They are preyed 


whalebone 
whales (e.g. blue 
whale below) have 
Sringed plates of 
baleen “hanging 
from their gums. 
The mouth ts filled 
with water, and, 
as it closes, 
floor and _ tongue 
are raised so forc- 
ing water 
through the -plates 
which steve off the 
tinh. Shrampelike 


its 


out 


on by larger animals (e.g., herring) 
which in turn are eaten by larger 
fish (e.g., cod)—a series which is 
called a_ food chain. In the sea there are 
many such food chains some of them 
ending in ourselves when we eat fish. 

The pastures of the sea are incred- 
ibly rich, more luxuriant than any on 
land. An area of sea may produce a 
greater quantity of plants than the 
same area of tropical forest. From 
1953 to 1955 the average annual 
catch of fish was nearly 27,000,000 
tons. This is mainly made up of about 
a dozen kinds of fish (e.g., herring, 
cod, haddock). There are over 20,000 
kinds of fish altogether and the fish 
actually caught are but a proportion 
of the fish of each kind. It has been 
estimated that a thousand tons of 
plants will result in one ton of fish. 
From these figures some idea is 


ao 


obtained of the immense richness 
of the sea’s pastures. 

The plants of the plankton are 
called phytoplankton, the animals are 
called zooplankton. The phytoplank- 
ton is made up of several different 
kinds of plants (though they all come 
from one plant group, the algae) 
including diatoms, dinoflagellates, 
silicoflagellates, coccolithophores and 
the nannoplankton. 

Diatoms usually form the bulk of 
the phytoplankton. They are single- 
celled and each is an irregular sac of 
protoplasm (living jelly) surrounded 
by a delicate, transparent box or shell. 
The shell is in two halves which are 
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arranged one inside the other like the 
lid and base of a shoe polish tin. It is 
made of a glass-like substance, silica, 
and is often beautifully sculptured, 
even drawn into spines, forming in- 
credibleshapes. Pigments give diatoms 
a brown-green or yellow colour. They 


size from —- 


2500 


range in inch to 
== inch. 

Dinoflagellates have two small 
whip-like hairs (flagella). By beating 
these they are able to swim. Their 
cell walls are made of little plates of 
cellulose. Some are luminous pro- 
ducing a brilliant light which is 
especially visible at night. 

Silicoflagellates are about =; inch 


long. They were not discovered until 
recently because they pass through the 
finest nets. They are covered in tiny 
plates of silica. 

Coccolithophores have tiny plates 
of chalk and often give the water a 
milky-white appearance. 

The nannoplankton is made up of 
minute green plants, which are be- 
tween 305 Inch and 5% inch long. 
They pass through the finest silk nets. 

The animal plankton is drawn from 
a large number of groups. It includes 
protozoans (single-celled animals), 
jellyfish, worms, snails, arrow worms 
and, above all, crustaceans, particu- 
larly copepods (oar-footed creatures). 


These all spend their entire life as plank- 
ton. Others, such as fishes, starfishes and 
many molluscs are only planktonic as eggs 
or when young. 


Key to Illustration 


|. Ceratium tripos (dinoflagellate). 2. Asterionella 
(diatom). 3. Grammatophora (diatom). 4. Euchaeta 
(copepod). 5. Rhizosolenia (diatom). 6. Ditylium 
(diatom). 7. Palinurus larva (a lobster, crustacean). 
8. Pleurobrachia (comb jelly). 9. Peridinium granii 
(dinoflagellate). 10. Clio (sea snail). 11. Brittle Star 
larva, an ophiopluteus. 12. Aulacantha (protozoan). 
13. Arrow-worm. 14. Cypridina (crustacean). 
15. Biddulphia (diatom). 16. Peridinium depressum 
(dinoflagellate). 17. Eucampia (diatom). 
18. Phaeodactylum (formerly Nitzschia) (diatom). 
19. Chaetoceros (diatom). 20. Ceratium furca (dino- 
flagellate). 21. Copepod larva, a nauplius. 22. Rissoa 


larva (sea snail). 23. Calanus finmarchicus (copepod). 24. Turritopsis (Jellyfish). 25. Globig- 
erina (protozoan). 26. Meganyctiphanes norvegica (shrimp-like crustacean). 27. Balanus 
larva, a nauplius (a barnacle, crustacean.) 28. A group of Noctiluca (dinoflagellates). 
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A green plant’s food making process is called 
photosynthesis. The energy needed to drive it is 
| the energy of sunlight. It can only take place there- 
fore in the sunlit upper layers of the oceans. 
Ona very bright day (left) the region where photo- 
| synthesis is greatest is just below the surface 
because the light at the surface is too bright and 
| slows photosynthesis down. On a dull day, however, 
most photosynthesis will take place at the surface. 


Many of the animals in the plankton rise towards the 
surface each night (left) and sink or swim actively 
downwards in the daytime (right). Probably they 
prefer to live in water which is getting a particular 
amount of light. As the sun sets its rays do not pene- 
trate far into the water because they enter almost 
horizontally. The animals seek the amount of light 
they want by swimming up to the surface. The next 
dawn finds them still near the surface and as the sun 
climbs its rays strike deeper into the water. The 
animals move downwards so that they stay in water 
receiving the amount of light they prefer. 


_ 
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The Economy of the Sea 


The tiny green plants in the surface layers of 
the sea are continually using up the chemicals 
dissolved in the sea water in their food making 
processes. They are eaten by tiny animals 
which are eaten by larger animals. More tiny 
plants grow in place of the eaten plants and, 
in growing, they use up more chemicals. And 
so the process goes on. How is it, then, that 
the chemicals are not used up completely ? 

The main materials that a green plant needs 
are carbon dioxide and water. From these, 
using the energy of sunlight, it is able to make 
sugars and starch. Carbon dioxide is present 
in the air and continually passes from it into 
the water in which it dissolves. 

Besides carbon dioxide and water the plants 
need minute amounts of mineral salts and 
other more complicated chemicals. These 
are constantly being carried to the sea through 
sewers and in rivers. The Mississippi river 
alone carries more than 500,000,000 tons of 
material to the sea each year. Along with the 
waste products of the sea creatures and their 
dead or dying bodies all this material sinks 
slowly to the sea floor. There much of it is 
decomposed by bacteria or eaten by the 
remarkable variety of bottom-living animals. 


The chemical products of decomposition rise 
to the surface, carried by vertical currents 
(due to differences in the temperature and 
saltiness of the sea water at different levels) 
or, close inshore, by the stirring action of 
rough weather. At the surface the chemicals 
are then available to the growing plants. 

The animals in the sea breathe oxygen that 
is dissolved in the water. This dissolved 
oxygen, like the carbon dioxide, comes from 
the atmosphere. Oxygen is also produced 
and given out by the plants. 

There are seasons in the sea just as there 
are seasons on land. The number of plants and 
animals in the plankton vary considerably at 
different times of the year. So do the relative 
numbers of different kinds of them. This is due 
to changes in the temperature of the water, 
changes in its salt content (salinity), the 
amount of light (this varies tremendously 
from summer to winter), the quantities of 
food materials available and also breeding 
seasons. The zooplankton are dependent on 
the tiny green plants for their food so that 
variations in the number of plants are followed 
very closely by variations in the numbers of 
animals. 


Minerals, carbon dioxide and oxygen are continually passing into the sea and the rays of the sun light up the 
surface waters. The minute plants are able to thrive in these conditions and so can the tiny animals while they have 
a large number of plants to graze. A whole range of animals, from jelly-fish to fishes and whales, feeds on the 
smaller animals. Man catches fish with drift nets and by trawling. From whales he obtains oil which is used to 


make margarine. 
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When the egg of a butterfly hatches a cater- 
pillar or larva crawls out. This changes into 
a chrysalis or pupa from which the adult 
butterfly eventually emerges. In many other 
animals the egg does not develop directly 
into the adult. Such a development is called a 
metamorphosis. In the sea are millions of 
animals with hard crusts or shells. They are 
called crustaceans, examples of which are 


crabs, lobsters, barnacles, shrimps, copepods , 


CRAB 


“LOBSTER 


PHYLLOSOMA 


Life cycles in the plankton 


(oar-footed creatures) and prawns. Nearly all 
crustaceans hatch from the egg as young 
stages which are quite unlike the adults. 
Starfishes, many fishes and many molluscs 
have young whichare members of the plankton. 

Some crustaceans pass through as many as 
ten different stages before becoming adults. 
The hard-shelled Rock lobster develops from 
a tiny, delicate, transparent larva with long 
spidery legs. This larva was at one time called 


_ CARBON DIOXIDE 
FROM AIR 


_ adult. Only these larval stages are planktonic. 


a Glass Crab and given the latin name 
Phyllosoma. This lobster is only planktonic as a 
phyllosoma, as an adult it is, of course, a 
bottom dweller. The common shore crab 
(Carcinus maenas) hatches as a larva called a 
Zoaea, a partly transparent creature with long, 
sharp spines on its enormous head and middle. 
This eventually becomes a more crab-like 
larva called a megalopa which grows into the 
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L USING A CONDENSER 


A water jacket B water inlet C water outlet D Flask E side arm F adapter G Receiver H Clamp | stand J wire gauze K tripod L vapour. 


A. CONDENSER is the key piece 

of apparatus used in distillation. 
The process known as distillation is 
a very good method of separating a 
mixture of liquids or a liquid from 
a solid dissolved in it. In outline, 
distillation entails heating the mix- 
ture until one of the liquids turns 
into vapour and boils off leaving the 
other liquid or the solid behind. 
The vapour which comes off is not 
lost: once it is well clear of the 
boiling mixture it is cooled and 
turns back to liquid. The condenser 
is the apparatus which cools and 
condenses the vapour. 

The Liebig condenser, the type 
most often used in laboratory work, 
consists of a long glass tube which 
is enclosed by another tube (jacket) 
through which cold water can be cir- 
culated. The water cools the inner 
tube so that vapour which is passed 
through it is condensed to a liquid. 

The mixture to be distilled is 
placed in a round bottomed flask 
which has a side arm leading off its 


neck. The side arm is pushed through 
a cork or rubber bung which is fitted 
tightly into the neck of the condenser. 
A thermometer is placed in another 
cork which is fitted firmly into the 
neck of the flask. The bulb of the 
thermometer must be level with the 
side arm exit because it must measure 
the temperature of the vapour and not 
the temperature of the liquid which 
is boiling below. The thermometer is 
necessary when a mixture of two 
liquids is being separated since by 
keeping the temperature of the 
vapour passing into the condenser at 
a certain steady value one of the 
liquids can be condensed while the 
other remains behind in the flask. 
The flask is placed on a piece of 
wire gauze over a tripod. It should 
never be heated directly as this may 
crack it. Both the flask and the con- 
denser are supported by clamps lined 
with cork or rubber which must be 
tightened with care to avoid cracking 
the glass. A tapered and curved tube 
called an adapter is placed over the 


lower end of the condenser held 
firmly on by a cork. A conical flask to 
collect the condensed vapour is placed 
so that the end of the adapter comes 
just inside its neck. 

All the apparatus, the round bot- 
tomed flask, condenser, adapter and 
conical flask must be thoroughly 
washed and dried before assembling 
it. All corks must fit perfectly to 
prevent the escape of any vapour— 
this is particularly important when 
an inflammable mixture is being 
distilled. The side arm of the flask 
must be inserted into the neck of the 
condenser in the correct position so 
that there is no undue strain on the 
side arm. The cold water must enter 
the jacket of the condenser at the 
lower end so that the whole of the 
jacket is filled and thus cooling the 
whole of the inner tube. The flow of 
water need only be slow. If water 
entered the jacket from the top it 
would flow straight out through the 
bottom opening without cooling the 
inner tube. 
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| ELECTRICITY 


THE THERMOCOUPLE 


Taking the Temperature of a Furnace 


aady 


a 


The thermocouple pyrometer is a convenient instrument for 
measuring the temperature of, say, molten tron. One junction of the 
thermocouple is placed in the molten metal and the current 
produced (measured by a galvanometer) gives the temperature. 
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HE normal way of producing electricity is either by- 

dynamos, batteries or cells. But there are other ways 
and one of these, which may be of considerable import- 
ance in the future, is based upon the thermocouple. This 
consists simply of two wires of different metals, joined 
together at both of their ends to form a circuit. As early 
as 1821 it was found that if any two dissimilar wires are 
joined together and heat is applied to one junction, a 
small current is produced, i.e. electrons will flow. 

One use of the thermocouple at present is in the pyro- 
meter, an instrument for measuring high temperatures, 
such as those of molten metals. The thermocouple 
type of pyrometer (there are other types) is based upon 
the fact that the current increases with the difference in 
temperature between two junctions. When one junction is 
heated, in a furnace for instance, the current produced can 
be measured by a galvanometer (a delicate current 
measuring instrument) placed in the circuit at the cold 
junction. For high temperatures platinum and platinum- 
rhodium alloy wires are used. This kind of pyrometer is 
rarely used above 1,600 degrees centigrade. 

One interesting possibility is that the thermocouple 
might, at some future date, be used to produce electricity 
direct from atomic energy. At present the heat produced 
by the break-down of radioactive materials is used to turn 
water into steam; the steam then drives turbine engines 
which in turn drive the dynamos which produce the 
electricity, a long and wasteful process. Experiments have 
shown that when one junction of a thermocouple is placed 
in a container of radioactive materials, the heat produced 
i icir break- down immediately produces electricity. A 
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The galvanometer that measures he: current rates when 
one junction of a thermocouple is heated can be made to give 
the actual temperature once it has been calibrated against 
objects at known temperatures. 


vast number of thermocouples so heated could produce 
commercial quantities of electricity. The wonderful thing 
about this process is that it can use radioactive waste 
materials (the ‘left-overs’ of various atomic processes), at 
present considered simply a nuisance. There are still, 
however, many difficulties to overcome before a practical 
thermocouple generator is produced. Any type of heating 
ofione of the junctions of a thermocouple would, of course, 
produce ‘electricity; the advantage of using radioactive 
waste material is that it costs practically nothing and. 
goes on producing heat for a very long time. 


ORGANIC CHEMISTRY 


CARBON CHAIN 


OTORISTS are sometimes sceptical about the 
advertised differences between the many brands of 
petrol, but one brand.of petrol can really be different from 
another because of the fact that petrol is itself a mixture of 
substances and the blending of carefully calculated per- 
centages of some of these produces fuel for different 
performances. The substances which make up the greater 
part of petrol belong to a family of carbon and hydrogen 
compounds called the paraffin series. The ‘paraffin oil’ 
(kerosene) used as a fuel in oil stoves, the ‘liquid paraffin’ 
or ‘medicinal paraffin’ used as a medicine and the 
‘paraffin wax’ used for making candles and waxed paper 
are familiar members of the same series. The name 
paraffin means ‘little activity’. Since the paraffins take 
part in hardly any chemical reactions other than burning, 
the name is appropriate. 

All of these substances contain only carbon and 
hydrogen. In theory they could be made by combining 
carbon and hydrogen but this would be very expensive 
indeed because they do not easily combine in one simple 
commercial operation. The actual sources of paraffins 
(and similar compounds) are natural crude oil and natural 
gas produced in past ages probably under great pressure. 
From these raw materials we obtain our supplies of wax, 
grease, lubricating oil, Diesel oil, kerosene, petrol 
(gasoline) and fuel gases such as butane (Calor gas). 
The simplest member of the paraffin series is a colourless 
and tasteless gas called methane or ‘marsh gas’ that 
bubbles out of stagnant ponds. It is also known as 
‘fire-damp’ in coal mines where it mixes with air to form 
a very dangerous explosive. The smallest possible particle 
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H H 


H H 


The simplest way of representing a carbon chain. C stands for an 
atom of carbon; H stands for an atom of hydrogen. 


CANDLES TO 
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(i.e. one molecule) of methane consists of an atom of 
carbon combined with four hydrogen atoms. A carbon 
atom has four outer electrons that act as hooks for joining 
with other atoms. (In fact when atoms merge to form a 
molecule they share their outermost electrons). There is a 
very strong tendency to fill any vacant hooks with either 
hydrogen atoms or further carbon atoms. If all four 
‘hooks’ are filled by hydrogen atoms the result is a mole- 
cule of methane. If, however, one of the hooks is filled by 
another carbon atom there will then be six hooks available 
for hydrogen atoms (or still further carbon atoms). Two 
carbon atoms joined together with six atoms of hydrogen 
filling the remaining hooks results in a molecule of ethane. 

Ethane is, like methane, a colourless gas without taste 
or odour. It is the second member of the paraffin series. 
Each successive member contains one carbon atom and 
two hydrogen atoms more than the paraffin below it. Thus 
the third member, called propane, has three carbon atoms 
in each of its molecules. The carbon atoms are arranged 
in line (see diagram) and the eight remaining ‘hooks’ are 
filled by hydrogen atoms. The fourth member, called 
butane, consists of a row of four carbon atoms whose 
spare hooks are occupied by ten hydrogen atoms. Propane 
and butane are gases at ordinary temperatures, though 
butane can be liquefied simply by compressing it. 

The carbon atoms in the molecule of any paraffin are 
arranged in a chain. Each of the carbon atoms is linked 


A more detailed representation of the same carbon chain. Each 
pyramid stands for an atom of carbon and each white ball stands 
Jor an atom of hydrogen. 


The same carbon chain (actually a molecule of propane) showing how the links in the chain are 
held together by electrons shared between atoms. 
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to its neighbours by sharing one of its outer electrons with 
the atom in front and another of its outer electrons with 
the atom behind. An electron shared between two atoms 
orbits around both of them and holds them firmly together. 
A carbon atom has four outer electrons and, two of these 
having been used to link with the carbon atoms each 
side of it, each of the other two electrons is shared with the 
single electron of a hydrogen atom. Since a carbon atom 
in a straight chain has two hydrogen atoms attached to 
it there ought to be twice as many hydrogen atoms as 
carbon atoms. Actually the number of hydrogen atoms is 
two more than twice the number of carbon atoms. This 
is simply because the carbon atom at each end of a chain 
must be attached to three hydrogen atoms, or it would 
have a vacant ‘hook’ (i.e. an unshared outer electron). 
Thus if a molecule of the paraffin called pentane contains 
five carbon atoms in a chain it also contains twelve 
(2 x 5 + 2 = 12) hydrogen atoms. 

If the chain is between five and seventeen carbon 
atoms long the substance is a liquid at normal tempera- 
tures. Liquid paraffins such as hexane with six carbon 
atoms, heptane with seven and octane with eight are 
present in petrol. All of these are colourless and inflam- 


Fuels for racing cars contain a mixture of straight and branched carbon 
chains carefully blended to give the best possible performance. 


REFUELLING A GRAND. PRIX FERRARI 


mable and evaporate easily. The temperature at which 
members of the paraffin series boil varies with the length 
of the carbon chain. Those with short chains (four or less 
atoms) boil at low temperatures and are normally found 
as gases. Those with very long chains (seventeen or more 
atoms) are normally solids and boil at high temperatures. 

Although the paraffins are similar in chemical beha- 
viour they have different boiling points and can therefore 
be separated from each other by ‘fractional distillation’. 
This is the process used in extracting petrol from crude 
oil. It involves heating the crude oil and passing the 
vapour up a tower called a fractionating column. The 
vapour cools and condenses on its way up the column: 
the substances with high boiling points condense first and 
form pools of liquid on shelves situated near the foot of the 
column. Only substances with low boiling points (in- 
cluding the mixture of paraffins that are to be used as 
motor fuel) reach the top of the column as vapour. These 
are taken to a cooler where they condense back to liquids, 
separated from the other substance with which they were 
mixed in the crude oil. 

There is another form of butane, called 1s0-butane in 
which the carbon atoms are not all in line as they are in 


As the carbon chain gets longer the substance becomes more solid. 


GASES (4 or less carbon atoms) 
ror 


LI QUIDS (between 5 and 16 carbon atoms) 


SOLIDS (17 or more carbon atoms) 
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Members of the paraffin family whose 


Methane, ethane, propane and butane are all 
gases at normal temperatures. They occur as 
a mixture in the natural gas that comes from 
oil-wells. From the oil fields the gas is sent 
through pipe lines to the industrial centres 
where it is used as an important fuel. Steel 
‘bottles’ of compressed natural gas form a 
convenient source of portable fuel and are 
replacing cylinders ofacetylene used in welding. 
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From pentane (five carbon atoms) to hexade- 
cane (sixteen carbon atoms) the members of 
the paraffin series are all liquids. Those which 
boil between about 40°C and 210°C are used 
in motor fuels. Those which boil between 
about 175°C and 300°C are present in kero- 
sene (often called just paraffin). Those which 
boil between about 225°C and 375°C are 
present in diesel oil and lubricating oil. 


chains are over |7 carbon atoms long are 
more or less solid. Mixtures of those higher 
paraffins form vaseline, paraffin wax, as- 
phalt and coke. Asphalt is the solid black 
material used in building roads. Its natural 
deposits were probably left behind where 
petroleum seeped to the surface of the 
Earth and evaporated. 


contains a lafge proportion of branched carbon chains. 
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the normal form. Instead of a straight chain of four 
carbon atoms an iso-butane molecule quite accidentally 
has the different form of a chain of three carbon atoms 
with the fourth carbon atom branching off from the 
middle of the main chain. This arrangement still accom- 
modates ten hydrogen atoms. Normal butane and iso- 
butane are said to be zsomers since their molecules comply 
with the same ‘recipe’ (i.e. 10 hydrogen atoms to 4 of 
carbon) but the arrangement of atoms within the molecule 
is different. All the paraffins from butane onwards have 
isomers. The number of possible isomers increases with 
the number of carbon atoms in the molecule. With 
twenty carbon atoms for example, 366,319 different 
arrangements (isomers) are possible. 

Paraffins with straight chains do not make very satis- 
factory motor fuels. They explode too quickly when 
ignited causing a sharp ‘knock’ in the engine. A good 
fuel should explode slowly to give a strong smooth push 
to the piston, for the too sudden explosion is rather like 
hitting the piston with a sledge hammer. Paraffins 
with branched chains do not burn so quickly as those 
with straight chains. That is why petrol nowadays 
contains a blend of branched and straight carbon chains. 
The problem of ‘knocking’ is also reduced by adding 
substances (such as tetraethyl lead) to the fuel to slow 
down its rate of burning. 

The ‘anti-knock’ qualities of a fuel are measured as its 
octane rating. At the time this rating was devised some 
35 years ago it was thought that a branched-chain 
paraffin called iso-octane was the substance that had 
the least tendency to knock. The substance with the 
greatest tendency to knock was thought to be a straight 
chain paraffin called heptane. Iso-octane was therefore 
given a rating of 100 and heptane was given a rating of 
o. The octane rating of any given fuel is found by com- 
paring its performance in a special test engine with a 
series of known mixtures of heptane and _ iso-octane. 
If, for example, the fuel being tested produces the same 
amount of knocking as a mixture of 30 volumes of heptane 
with 70 volumes of iso-octane, its octane rating is 70. 
If it produces the same amount of knocking as a mixture 
of 20 volumes of heptane with 80 volumes of iso-octane, 
its octane rating is 80 and this kind of petrol would be 
very suitable for use in motor cars. Petrol used in aero- 


DURING WORLD WAR II 


of oe Bee By seers 
link up to form ees 


ee ue 
beet 


This is a molecule of 
-carbon atoms are joined t 
three places forming what is. je 
triple pets Soeaene is a colour! A 
prepare: ropping water into cz 
carbide. fe bares a brilliant flame 
and is used in welding and in certain 
kinds o of lamps. 


plane engines must have a Hil octane rating: often it is 
rated higher than 100 because it contains substances with 
even better anti-knock qualities than iso-octane. 

Some branched chain paraffins are present in crude 
petroleum, but the majority used in motor fuels are 
obtained by breaking down, or cracking substances which 
have long carbon chains. This is done by taking heavy 
oils from the bottom of the fractionating column and 
heating them under pressure. The yield of petrol from 
the same amount of crude petroleum is increased, and 
better fuels with higher ‘octane ratings’ (i.e. better 
anti-knock qualities) are obtained when the cracking is 
done catalytically. This means that the vapour of the 
heated oil is passed through a chamber filled with beads 
of silica gel or similar material; the long chain molecules 
break up and the ‘links’ reform as shorter chains of six, 
seven or eight carbon atoms. The silica gel is called a 
catalyst because it does not seem to take part chemically 
in the reactions and is left unchanged at the end. By 
similar methods small molecules of the gaseous paraffins 
can be built up or polymerized into carbon chains of suitable 
lengths for use as motor fuels. 
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Aircraft engiges run on ‘high octane’ fuel. This form of petrol 


| PHYSIOLOGY 


ARE SKELETONS 
NECESSARY ? 


In large modern buildings a framework of steel girders takes the 
weight of the walls which are ‘slung’ from the outside and the 
weight of the floors and the equipment which is on them. In a 
similar way the muscles and other organs in the human body are 
‘slung’ on a framework of bones, the skeleton. Bone, the material 
making up most of the skeleton, is eight times as strong as concrete 
and one fifth as strong as hard steel. 


64 


2 


MES ME 
Pd Pa as 


<4 


SMe Mad © 


Bs 
x 


Pe, 


- 
raw 


=! > 


AZZ) 
Lf 


OST animals have a skeleton. In backboneless or 

invertebrate animals (insects, crabs, snails, etc.) 

that have a skeleton, it is usually a hard outer or exo- 

skeleton. In backboned or vertebrate animals (fishes, birds, 

mammals etc.) the skeleton is a hard inner or endo- 
skeleton. 

Movement in all but the very simple animals is carried 
out by muscles which lengthen or shorten. In order to do 
this they must have some firm support or anchorage 
(in much the same way as the cable lengthening and 
shortening on the jib of a crane to move it would not work 
without the rigid parts of the crane to act as anchorage 
and levers). Such anchorage in an animal is provided by 
the skeleton. 

In addition, if an animal is at all bulky, it requires some 
framework or system of rigid girders on which the soft 
parts of the body can be hung to prevent the whole mass 
from collapsing in a heap. Animals which live in water 
only need comparatively light skeletons, for water is dense 
enough to provide a large amount of support (unlike air 
which cannot do so). If the animal lives on land it must 
support its own weight and there must be some parts rigid 
enough and strong enough to carry its whole weight over 
the ground. 

Some idea of the size of bones necessary for a really 
large land animal can be gained from the fossil skeletons 
of the dinosaur Brontosaurus. This massive creature had 
limb bones about a foot thick.. Yet it is almost certain 
that Brontosaurus lived in shallow water and waded about, 
its weight largely supported by the water, for even bones 
this thick would not have been strong enough to support 
the whole of its great weight. 

A whale has, for its great weight, a very light skeleton; 
but a whale spends all its life in water and the water 
supports its weight. When a whale is stranded on the 
shore, however, such is its huge weight that the lungs 
are compressed and the whale, being unable to breathe, 
may suffocate. (Unlike land mammals the whale does not 
have a strong rib-cage or limbs to prop it up). 

Since the skeleton must be made of some rigid or tough 
material, it can also protect vital organs against damage; 
the braincase of the skull, the backbone surrounding the 
spinal cord and the ribs and breastbone round the heart 
and lungs are examples of this in the human body. 


All radioactive materials are dangerous. Those which give off gamma rays must be handled 
Srom a distance using remote control apparatus like this. 


NUCLEAR PHYSICS 


The Protection Living Things 
Need from Radioactivity 


ENRI Becquerel is famous for be- 
ing the discoverer of radioactivity. 
What is not so well known is that he 
was also the first person to find that 
radioactive substances are dangerous 
to life. He noticed that his skin was 
burned underneath the pocket in 
which he had beencarrying a sample of 
radium. Nowadays we are aware of the 
harmful radiations given off by radium 
and no one would dream of carry- 
ing radium around in his pocket. 
Danger from radiation is all the more 
serious because its effects are not felt 
for some time, (it can be a matter of 
years) after the damage has been done. 
What is atomic radiation? The term 
is used to cover all the fast-moving 
beams of particles and waves of energy 
thrown out by disintegrating atoms. 
As it breaks up, each atom throws out 
a part of its nucleus. 

An atom consists of a number of 
very small particles called electrons 
whirling round at some distance from 
a central core called the nucleus. Each 
electron carries a negative charge of 
electricity. The nucleus is a mixture 
of two major kinds of particles called 
protons and neutrons. Protons are 
positively charged and neutrons are 
uncharged (neutral). 

The nucleus of a radioactive atom 
has a tendency to break up without 
cause. When it breaks up we might 


expect it to throw out protons and 
neutrons. This does happen, but more 
often the ejected particles are alpha 
and beta particles. 

An alpha particle (written a par- 
ticle) is a group of two protons and 
two neutrons; because it contains 
protons it is positively charged. 

A beta particle (written # particle) 
is identical with an electron. It 
carries a negative charge. It does not 
come from amongst the electrons 
circling round the nucleus but is 
thrown out from the nucleus itself 
when one of the neutrons undergoes an 
astounding transformation into a pro- 
ton and an electron. The speed of the 
particle governs its energy and con- 
sequently its ability to penetrate 
matter. Streams of alpha and beta 
particles move with speeds nearly ap- 
proaching that of light. 

The waves of energy are called 
gamma rays (written as y rays) and 
they belong to the same family as light. 
They are very much more penetrating 
than visible light or X-rays. They 
travel in straight lines and they carry 
no electrical charges. 

An important factor common to all 
these rays and moving particles is 
their tendency to knock electrons out 
of atoms of other substances that lie 
in their path. Having lost some of 
their whirling electrons, such atoms 


(Below) A technician ‘monitoring’ his hands 
to check whether any radioactive material 
has accidentally got onto them. 
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are electrically charged and are much 
more (and differently) chemically re- 
active than the atoms in their original 
state. It is probably these that cause 
damage in living tissue which has 
been exposed to atomic radiation. 
How far any kind of radiation can 
penetrate matter depends upon its 
energy. This is because each time the 
radiation hits an atom it loses some 
energy in knocking out oneofthe atom’s 
electrons. Alpha and beta particles do 
not usually have very much energy. 
Alpha particles can pass through only 
a few inches of air before they have 
used up all their energy in knocking 
out electrons from the atoms of the 
gases that form air. They cannot pene- 
trate more than about a thousandth of 
an inch of metal or about three thou- 
sandths of an inch of living tissues. A 
single alpha particle can knock out 
electrons from a million atoms. Beta 
rays are rather more penetrating than 
alpha rays but cannot travel far into 
living tissue. Substances which give 
off alpha and beta rays may cause 
radiation burns on the skin. They are 
particularly dangerous if they enter 
the body either by being accidentally 
inhaled or swallowed, since, although 
the penetrating power of the radia- 
tions is small, their cumulative effect 
on the linings of lungs and stomach 
over a long period is very serious. 
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(Top) Radiation may prevent living cells 
from dividing in the normal way. (Bottom) 
The concrete and lead ‘biological shield’ 
(shown cut away) around a nuclear reactor 
protects workers from radiation. 


Gamma rays are more lethal by far 
than alpha and beta rays; so also are 
fast neutrons. This is because they 
have an almost unlimited range. They 
can, for instance, pass right through 
the human body or, in the case of 
high-energy gamma rays, through an 
eight-inch thickness of lead. 

Why does radiation harm living 
things, both animals and plants? All 
living things are made of living cells. 
Growth and the replacement of worn- 
out cells depend upon each cell be- 
ing able to divide into two exact re- 
productions of itself. This cell division 
depends on the nucleus and _ pro- 
bably upon the production of a chemi- 
cal in the nucleus—desoxyribonucleic 
acid (DNA). No one knows yet 
exactly what gives a cell life but it is 
suspected that it is something to do 
with the extremely complicated ar- 
rangement of the atoms in the complex 
multi-atom molecules that make the 
cell nucleus. To allow division, double 
the normal amount of DNA must be 
available so that normal amounts can 
go into each of the new cells. 

When charged particles hit any 
ordinary molecule they tend to upset 
its structure because the merging of 


A rubber suit which can be scrubbed 
to remove radioactive dust. The suit is 
inflated, so that in the event of a puncture 
the outward rush of air prevents dust from 
entering. 


atoms into molecules depends upon 
the sharing and exchanging of charged 
particles (the outer electrons). So the 
arrival of the charged particles of 
radiation among the very complex 
and exquisitely balanced arrangement 
of the atoms in the nucleus of the 
living cell and in the watery external 
part of the cell certainly causes re- 
arrangements that damage the life 
and structure of the cell, though 
exactly how is not yet known. 

A cell that has been irradiated may 
simply die straight away, or if the 
dosage is not too large or long it may 
recover. The loss of a single cell, or 
even many cells, is not fatal as it can 
normally be replaced. But if the 
nuclei of all the actively dividing cells 
of an animal have been so damaged 
as to prevent their dividing, then 
there will be no new cells, and though 
the death of the animal may be de- 
layed, it will come eventually. A very 
high degree of radiation can kill any 
living creature instantly, simply be- 
cause all its vital organs will be so 
severely damaged by the disarrange- 
mentofthechemistry ofthe cells thatthe 
vital organs cease to function and that 
means instantaneous death, 

Protection of the vital organs of a 
human body (by lead plates for in- 
instance) can greatly increase the 
chances of survival of even the deep 
penetrating y ray and neutron radia- 
tion, because the body can go on func- 
tioning if it has the main organs un- 
damaged. Especially important is the 
spleen which ‘organises’ extra re- 
sistance in the body causing an in- 
crease in the production of red blood 
cells. Strangely enough, it is also 
important to protect the largest bones, 
for in the marrow of these are pro- 
duced new blood cells which repair 
damage everywhere in the body. It 
is curious that if only one thigh bone, 
say, is protected, this one ‘factory’ 
going on producing blood cells is 
sufficient to make a_ considerable 
difference to the chances of recovery 
or survival. 

Much research is going on concern- 
ing the effect of irradiation on cells, 
but a very great deal is still not under- 
stood. The chance of a cell re- 
covering and being able to reproduce 
itself again by dividing is very much 


higher if it is a mature cell. Younger 
cells which are in the earlier stages 
of dividing are very sensitive to 
irradiation and recover only from 
slight doses. 

From what is known of the range of 
the various kinds of radiations it is 
possible to devise safety measures to 
protect people from the dangers of 
radioactivity. Obviously no_ radio- 
active substance can be handled with 
bare hands. If the substance emits 
only alpha or beta rays it can be 
handled safely if the operator wears 
gloves. But there is still the risk that 
radioactive dust (i.e. particles of a 
radioactive substance floating in the 
air) might be inhaled. To avoid this, 
the substances are handled in what 
is called a ‘glove box’ consisting of a 
large box fitted with an observation 
window and a pair of long rubber 
gloves covering holes in the wall of 
the box. The operator stands outside 
the box and puts his arms through the 
gloves to reach inside. In this way 
the box remains airtight and radio- 
active materials can be handled with- 
out coming into contact with any 
part of the operator’s body. 

Substances that emit gamma rays 
have to be kept behind thick lead and 
concrete shields. They can only be 
handled by remote control. 

People who work with radioactive 
materials have to wear protective 
overalls, gloves, boots and sometimes 
masks which they remove on leaving 
the laboratory. Another form of pro- 
tective clothing is a waterproof in- 
flated suit that can be scrubbed to 
remove possible contamination. ‘These 
precautions ensure that any radio- 
active dust that has been accidentally 
picked up stays in the laboratory. 
Eating, drinking, smoking and putting 
on cosmetics is not allowed in the 
laboratory. ‘The workers and the labor- 
atories are checked regularly with 
meters which record the amount of 
radiation present. The simplest of 
these ‘monitoring’ devices is a strip 
of photographic film in a metal case 
worn as a lapel badge. Every week 
the film is developed and the amount 
of radiation to which it has been ex- 
posed is measured from the blacken- 
ing of the film. If a certain maximum 
dose is shown the worker must not 


This complex arrangement of atoms in a giant molecule from a living cell may be upset by 
the arrival of charged particles. 


Unwrapping radwoactive materials with remote handling tongs. The operator stands 
behind a wall of lead blocks and looks through a protective window of lead-glass. 


expose himself to any more radiation 
for some time. 

Protection against radiation is 
especially important near nuclear 
reactors, for the radiation there is 
deliberately produced and is much 
more intense than in the laboratory. 
Reactors have to be surrounded com- 
pletely by a massive wall of concrete 
lined with lead. This ‘biological 
shield’ is designed to stop even the 
fastest neutrons and gamma rays. The 
control rods and the nuclear fuel it- 
self are, of course, only handled by 
remote control. Automatic monitor- 
ing instruments give the alarm im- 
mediately any radiation leaks through 
the biological shield. The ventilating 
air in nuclear power stations passes 
through filters to remove particles 
of dust which might pollute the 


atmosphere. 
Finally there is the problem of dis- 
posing of unwanted radioactive 


materials and apparatus that has be- 


come radioactive. The most dangerous 
materials are sealed in containers and 
either buried deep in the ground or 
dumped on the sea bed. Such a method 
is not as dangerous as it sounds as long 
as the source of the radiation (i.e. the 
radioactive material) is kept inside 
the container and not allowed to 
scatter. A thickness of several feet 
of earth or water absorbs all types 
of radiations that come from the 
container. Atoms of earth or water 
that are hit by the radiations will 
not themselves become radioactive. 
‘Contamination’ is the spreading of 
small pieces of radioactive material 
in, for instance, water or air, and 
thus its travelling to new places where 
humans may be within range of its 
radiations. ‘The buried materials are 
quite safe if left undisturbed, and 
in any case they eventually turn into 
substances that are not radioactive, 
though some may remain active for 
thousands of years. 
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ETROL cans, ‘tins’ for food, corrugated iron, girders, 

railway lines, motor car bodies—these are just a few 
of the numerous everyday items which begin by being 
shaped out of metal by rolling. The process is not unlike 
squeezing clothes through the rollers of the wringer of a 
washing-machine. With the clothes the idea is to wring 
out the water, while in the case of metals the idea is to 
squeeze them down to a thinner shape. 

Basically this is what happens. The cast ingot, while 
it is still hot and pliable, is reduced in thickness by a 
slabbing mill to make a slab or by a cogging mill to make 
a bloom. A slab is a piece of metal rectangular in section 
while a bloom is square. 

After re-heating to 1300°C., the slabs are passed on 
through several pairs of rollers, becoming thinner and 
longer until finally they are reduced to thin sheets, plates 
or strips. 

The blooms are similarly treated, but in this case the 
aim is not to produce a flat sheet but to obtain a bar of 
a certain cross-section (i.e. the shape when looking at 
one end of the bar). This is the case, for example, with 
rods, bars, railway lines and H-shaped girders. Again 
the process starts with rollers squeezing the bloom only a 
little. As it moves on the bloom passes through specially 
shaped rollers which bring its shape to that which is 
required. 

In a similar process, known as cold rolling, the metal 
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Using a cold-rolling mill in the finishing of sheet metal. 


Hot rolling of girders from blooms at a mill in Indiana, U.S.A. 


passes through rollers in a similar way but the metal is 
not heated. Since the metal is not so pliable, greater 
pressure is required but a smoother and more accurately 
finished cross-section is obtained. For rather complex 
reasons the hardness of the metal is also increased. 
Rolling is only one of several methods of shaping metals 
from the ingot stage. Others are forging (hammering into 
shape), extrusion (pushing the metal out through a hole of 
a certain size) and pressing (forming it under greater 
pressure). Finally the metal usually has to be further 
worked and cut into shape in the engineering workshop. 


ELECTRICITY 


Inside the Lightmeter 


HERE are a number of different ways of producing 

electricity and one of the most interesting is with the 
photocell. An electric current is a flow of electricity, 
carried by minute particles called electrons (these make 
up the outermost parts of the atoms of the metal forming 
the conductor). The photocell is based upon the fact that a 
metal can throw out electrons from its surface when light 
falls upon it. All metals do this but some eject electrons 
more readily than others. 

Copper oxide and lead in contact when exposed to 
light will produce a strong flow of electrons, i.e. an 
electric current, which can be measured with a galvano- 
meter (a delicate current-measuring instrument). The 
lead plate is coated with a layer of copper oxide and 
this is covered with a transparent metallic film. The 
completed photocell is then placed in a circuit con- 
taining at some point a galvanometer. Light passes 
through the film and strikes the copper oxide, ‘knocking’ 
electrons out of it at the surface. These pass to the metallic 
film where the atoms soon have more than their share 
of electrons. Now atoms that have less than their share 
of electrons attract the electrons of other atoms; since 
the atoms of the copper oxide are deficient in electrons, 
they attract electrons from the lead plate. But this 
process means that atoms of the metallic film become 
wealthier in electrons than the atoms of the lead plate, so 
electrons flow from the film, through the circuit, to the 
lead plate to even things up. In other words a small 
current has been produced. 

A photographer’s lightmeter contains this kind of photo- 
cell (except that selenium usually takes the place of 
copper oxide because it is more sensitive to light). As the 
current increases with the intensity of light falling upon 
the photocell (i.e. more electrons are ejected), a tiny 
galvanometer which measures the current can be made 
to give the correct setting for the camera (this varies 
according to the intensity of the light). 

In another form, the photocell is the ‘electric eye’ in 
industry which sets off many mechanical processes, 
ranging from the wrapping, sorting and weighing of 
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A photographer’s lightmeter consists basically of a 
photocell connected in a circuit with a galvanometer. 
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articles to the opening of doors and setting off burglar 
alarms. In this case the photocell consists of an evacuated 
glass tube or bulb containing a plate of one of the light- 
sensitive metals (often caesium) and a metal rod (not 
quite touching the plate) called a collector. The photocell is 
then connected in a circuit to a battery. The principle is 
much the same as before except that the battery provides 
the driving force needed to move the ejected electrons 
across the vacuum. When light falls upon the caesium, 
electrons are ejected from its surface. They are attracted 
across to the collector rod because it is kept positively 
charged by the battery, and is therefore short of electrons. 
In this way a current only flows when light falls upon the 
photocell (for when no light reaches the photocell no 
electrons are ejected from the caesium and there is a break 
in the circuit between the light-sensitive plate and the 
collector rod). In a burglar alarm system, for instance, 
a beam of light (infra-red light so that it cannot be 
detected by the human eye) shines continuously across a 
room onto a photocell and keeps a small current flowing. 
But if anyone interrupts the beam by walking across it 
the current stops and the alarm is triggered off. In what- 
ever industrial field the photocell is used it depends upon 
the beam of light falling upon it either varying in intensity 
or stopping and starting. 
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TECHNOLOGY 
Introducing the 


NE of the first machines you see on entering an 

engineering workshop is a lathe. It is a very im- 
portant piece of equipment since it is used for ‘turning’ 
pieces of metal; that is, cutting them down to a cylindrical 
shape. It has many other jobs too. It can be used for drill- 
ing holes in metal, for ‘facing’ a flat surface and for cutting 
screw threads. 

The basic principle of a lathe is quite simple. The piece 
of metal (the workpiece) is clamped in a special vice called 
a chuck. The chuck is revolved (at a speed depending upon 
the type of material and its diameter), turning the work- 
piece with it. A sharp cutting tool, rather like a chisel, is 
moved along the workpiece paring the shavings from it as it 
revolves. If the workpiece is long it can be turned between 
centres; that is, it is held at one end by the chuck and sup- 
ported at the other end by the point of the taz/stock centre. 

The main frame of the lathe is known as the bed. At the 
left-hand end of it is the headstock containing gears, which 
are driven by an electric motor, by means of which dif- 
ferent speeds can be obtained. The speed change levers 
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ADJUSTABLE LAMP 


CHUCK—the revolving 
clamp which turns the 
metal workpiece being 
shaped. 


CROSS-SLIDE with clamps 
(adjustable tool posts) 
into which the cutting 
tools can be clamped. 
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(Drawings based on the COLCHESTER ‘Student’ Lathe) 


Workshop Lathe 


(which slide the gears into and out of mesh with each 
other) are located in the headstock casing through which 
runs the main spindle to the chuck. Other controls at this 
end of the lathe are the clutch lever to start and stop the 
spindle and levers to alter the rate of feed; that is, the speed 
at which the cutting tool moves along the workpiece. 

Along the top of the bed are two pairs of slides (ways) 
for the tailstock and carriage. The inner pair of ways keeps 
the tailstock in line with the headstock, while the outer 
pair of ways guides the carriage as it is moved along the 
bed. The tailstock unit can be moved along the bed and 
clamped to accommodate different lengths of workpiece. 
The final adjustment is achieved by screwing the barrel, in 
which the tailstock centre is located, forwards or backwards 
by means of a handwheel. 

The carriage supports the cross slide and compound slide and 
to the latter is attached the tool post in which the tool is 
securely held. To the front of the carriage is attached the 
apron, the whole unit being called the saddle which can be 
moved along the bed by the large handwheel at the front. 


SLIDING TAILSTOCK, used to 
support long pieces of metal 
being turned between centres. 


TURNING FACING SCREW-CUTTING 


The basic principles of three important lathe operations. (Left) Turning—spiral cuts 
made in the revolving workpiece by the tool moving slowly along its length produce 
a cylindrical shape. (Centre) Facing—the tool moves across the face (end) of the 
workpiece as it spins, producing a flat surface. (Right) Screw-cutting—the tool cuts 
spirally along the workpuece, moving along it to produce a screw thread. 


LEADSCREW 


ee ee The relationship between the 
along the bed. 


speeds at which the chuck and 


SADDLE carrying 
cross-slide to allow it the feedshaft or the leadscrew 


to be moved along the 
workpiece. revolve 1s controlled by change 
HANDWHEEL to adjust the gears. They are normally 


Position of the point of 
the tailstock. 


covered in by a casing. The 
relationship can be altered by 
fitting different sizes of gear 
LATHE BED wheels to change the ratio of 


the speeds. 


FEEDSHAFT 


The ‘jaws’ of the chuck (the 
When the tool has been set, the saddle can be moved along — "evolving clamp which holds 
automatically, driven by a revolving horizontal shaft the workpiece) can be ad- 
called a feedshaft. justed by turning a screw on 

If a screw thread is being cut the saddle is driven by the _ the edge of the chuck. Here it 
leadscrew instead of by the feedshaft and suitable change 15 shown with a section cut 
gears have to be put between the leadscrew and the work away to display its workings. 
spindle so that the tool moves one pitch for each revolution The jaws need to be adjust- 
of the workpiece, tracing out a spiral path. able so that they will take 

The lathe can also be used to produce a flat surface. In workpieces of different sizes 
this case the saddle remains stationary, the cutting tool and also to lock them securely 
being moved by the cross slide across the front surface of in position. 
the workpiece as it revolves. 

Because the cutting of metal produces heat, it is usual to Close-up of the cutting tool 
cool the workpiece and the tool with an oil-in-water mix- 
ture. A safety device in the form of a transparent shield 
(not shown here) can be placed over the tool to prevent the 
lathe operator being injured by stray splinters of metal. the chuck. (Inset) Detail of 

The machine illustrated and explained here is a centre 
lathe. There are many variations on it, such as the turret . : 
and capstan lathes (which speed up the process by having 10 avoid overheating the 
a number of cutting tools clamped in place whichcan be __ metal during the cutting pro- 
quickly interchanged), copy turning lathes (which canon. an oily cooling liquid is 
copy from a pattern almost automatically) and, of course, 
the woodworking lathes which are outside the scope of poured over the affected surface 
this article. to lower its temperature. 


removing Shavings from the 


metalwork piece as it spins in 


the cutting tool in tts holder. 
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BIOLOGY 


The Way Living 


Cells are 


Work they do 


Lining and Covering Cells 


An epithelium is a sheet of cells. The cells are held 
together by a small amount of cementing substance. The 
outer covering of the body (the skin), the lining of the 
gut and other organs, such as the lungs and blood vessels, 
and the inner lining of the ducts in glands are examples. 

Below most epithelia there is a thin sheet of connective 
tissue, the basement membrane. The free surface of most 
types of epithelium (the surface which is not attached 
to other tissue) may often have on it short hair-like 
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PAVEMENT OR SQUAMOUS EPITHELIUM 


An epithelium may be one or more cells thick and the cells may be of 
very different shapes and sizes. Some are thin and flat like crazy- 
paving stones. They form pavement or squamous epithelium which is 
found, for example, in the lining of parts of the kidney tubes. When 
the cells of squamous epithelium have wavy outlines (e.g. cells lining 
the blood vessels) they are said to be tesselated. Other cells are 
approximately as wide as they are tall. These form cuboidal or cubical 
epithelium which is found in many glands (e.g. liver). In columnar 
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STRATIFIED EPITHELIUM 


Ng LIVING things are made of cells. Apart from 
the very simplest animals which consist only of one 
cell, the cells that make up animals work together in 
groups. They do specialised jobs, carrying out the 
living processes of the animal. Groups of similar cells 
which work together are called tissues. Different tissues 
are united to form organs. All cells are held together in 
groups by cementing materials. 

There are five main kinds of tissue. These are grouped 
as epithelium (lining and covering tissue), connective tissue 
(tissue which binds the organs together and packs the 
spaces between them), skeletal tissue (e.g. bones), muscle 
tissue and nerve tissue. The amount of cementing material 
between cells varies considerably between different 
tissues. Generally in epithelia it forms very little of 
the tissue and the cells are very close together but in 
connective and skeletal tissues it may form the bulk of 
the tissue and the cells themselves are wider apart. 


structures called cilia (see illustration below). 

When the epithelium is several layers of cells thick it 
is said to be stratified. 

The cells of epithelia may serve very different pur- 
poses. Those lining the salivary gland, and the glands 
in the intestine for example, produce the chemicals 
(enzymes) which digest the food. The ones forming 
the outer covering of the skin are mainly protective, 
while the cells of the lung lining produce the wet mucus 


in which the oxygen dissolves before passing to the 
blood. 


BASEMENT MEMBRANE 


CILIATED COLUMNAR EPITHELIUM 


epithelium the cells are tall and column-shaped. Such epithelium 
lines most of the gut. 

If columnar cells bear cilia the epithelium is then called ciliated 
columnar epithelium. Ciliated cells occur in the lining of the windpipe. 
The cilia beat to help remove dirt particles. 

The outer cells of the skin and the lining of the cheek form stratified 
squamous epithelium. It is also found in the front, transparent layer 
of the eye (cornea). 


CONNECTIVE TISSUE 


MUSCLE (SHOWN 

WITHOUT ITS THIN 
CONNECTIVE TISSUE 
COVER) 


LIGAMENT 


EPITHELIUM OF SKIN 


BLOOD VESSEL 


Binding and Packing Cells 


Connective tissue is of tremendous importance to the 
body. It holds the cells of the organs together, sup- 
porting and surrounding them and passing on food to 
them from the blood, binds the parts of the body together 
and many of its cells are active in fighting and destroying 
disease-carrying organisms. 

The cells in connective tissue are always well spaced 
in a thick fluid base substance or matrix, in which there 
may also be long, thin threads called fibres. 


+ a 


WHITE: ARIE 
ELASTIC 


CONNECTIVE TISSUE 


WHITE FIBRES 


Some tissues consist almost entirely of white fibres. Examples of 
this white fibrous tissue are tendons, which join muscles to bones, 
ligaments which bind bones together at joints, and the protective 
coverings of organs such as muscles. 

Yellow elastic tissue is made up mainly of yellow elastic fibres. 
The ligaments which hold the bones of the backbone together are 
yellow elastic tissue. 

Reticular tissue is a connective tissue which occurs as thin sheets. 
It surrounds nerve and muscle fibres and also forms the basement 
membrane of epithelia. 

Some connective tissue cells are able to store fat. Such adipose 
tissue is situated mainly in the deep layers of the skin and the mesentery 
(the thin sheet of tissue which holds the intestine in place). 


YELLOW ELASTIC FIBRES ~ 


BONE (COVERED BY A THIN 
LAYER OF CONNECTIVE TISSUE) 


NERVE (HAS A THIN CONNECTIVE 
TISSUE COVER) 


EPITHELIUM OF SKIN 


CONNECTIVE TISSUE OF SKIN AND 
UNDERLYING PACKING TISSUE 


THE HUMAN THUMB CUT AWAY 
TO SHOW DIAGRAMMATICALLY 
THE RELATIONSHIPS OF SOME 
OF THE KINDS OF TISSUE 


The most common type of connective tissue is called 
areolar tissue. It forms a layer beneath the skin and the 
lining of the gut and is also a packing material between 
muscles and other organs. It consists of a jelly-like 
matrix in which there are several kinds of cells and 
interlacing bundles of fibres. The fibres are of two kinds, 
white and yellow. The white fibres are very resistant to 
stretching but the yellow fibres can be stretched and are 
called yellow elastic fibres. Some of the cells are able 
to eat and destroy germs and so play a valuable part in 
the body’s defensive system against disease. 
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BLOOD 


Blood is often classified as a connective tissue. It consists of a 
liquid plasma, the matrix, in which float the cells or corpuscles. The 
cells are of two main kinds, red and white. The red cells are far 
more numerous (five million to every cubic millimetre compared 
with seven thousand per cubic millimetre of white cells) and con- 
tain the red chemical haemoglobin, which carries oxygen in the blood 
from the lungs to the tissues. Many of the white cells are able to 
engulf and destroy bacteria. Substances produced by the bacteria 
also kill white cells. These dead cells are familiar as pus. 

Other small cells in the blood are called platelets. These play an 
important part in the blood-clotting mechanism and they also block 
any small holes that may occur in the blood vessels. There are about a 
quarter of a million platelets per cubic millimetre of blood. 


73 


Structural Cells 


The skeletal tissues are cartilage 
and bone. They are often included 
with connective tissues as they have 
many similarities but the ground sub- 
stance in them is solid whereas in 
connective tissue it is fluid. 

Cartilage, or gristle as it is more 
commonly called, is rigid yet elastic. 
Its matrix contains very fine fibres and 
also cavities in which lie living cartil- 
age cells. These produce the matrix 
which is constantly being renewed. It 
contains very few blood vessels. 

Bone, unlike cartilage, has a very 
rich blood supply. The hollow cavity 
running through the centre of the long 
bones and the spaces in the other 
bones are filled with a fatty material 
called bone marrow. It is here that 
the red blood cells are produced. 


The simplest type of cartilage is hyaline cartil- 
age which is clear and glass-like. It joins the 
ends of the ribs to the breastbone and also 
covers the ends of bones where these rub 
together at joints. Fibro-cartilage is very 
tough and contains white fibres, but it is 
slightly elastic and forms the discs between 
the bones of the backbone and in the limb 
joints. Elastic cartilage contains yellow 
elastic fibres and is very elastic. The cartilage 
in the ear lobes and parts of the larynx or 
voice-box is elastic cartilage. 

A bone consists of layer upon layer of hard 
calcium phosphate and other materials which 
form the matrix. In this are numerous star- 
shaped branching bone cells each of which is 
in-a cavity of similar shape. The cavities are in 
direct contact with each other through 
numerous fine canals. Blood vessels and nerves 
lie in larger canals around which the bone cell 
cavities are arranged in rings. Each canal and 
its rings is called a Haversian system. There 
are many such systems in each bone. 
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Muscle Cells 


Each unstriped muscle fibre is about ith 
millimetre long and ;},th millimetre wide 
and has a central nucleus. The fibre tapers 
to a point at each end. Smooth muscle is 
capable of slow, sustained contractions such 
as those that are needed to push the food 
slowly through the gut. 

Each striped muscle fibre is about Ath 
millimetre in diameter and may be several 
centimetres long. Each contains hundreds of 
nuclei and is made of long, thin strands or 
fibrils which appear striped with alternate 
light and dark bands. The width of these bands 
alters when the muscle contracts. 

Cardiac muscle is found only in the wall of 
the heart. It is composed of fibres which 
branch and join to form an elaborate network. 
This arrangement is fitted for the muscle 
movement needed to enlarge and shrink the 
bag-shaped heart. The fibres are made up of 
fibrils and these are striped in a similar way 
to those of striped muscle. At intervals dark 
bands or partitions cross the fibres. 


Every movement we make is due to 
the pulling action of our muscles. 
There are three main kinds of muscle 
tissue, unstriped (also called unstriated, 
smooth or involuntary), striped (also 
called striated or voluntary) and 
cardiac or heart muscle. 

Unstriped muscle is muscle over 
which we generally have no conscious 
control. Such muscle is found in the 
walls of the gut and the blood vessels. 
The size of the pupil of the eye is 
adjusted by involuntary muscles. 

Striped muscle we can control at 
will. It makes up the bulk of the 
muscles in the body. Examples are 
the limb muscles, neck muscles and 
abdominal muscles. 

Unstriped, striped and cardiac 
muscle is made up of a number of 
units called fibres. 


Nerve Cells 


In the simplest animals each cell 
is sensitive to an outside stimulus. 
Higher animals, however, have 
specialised regions called receptors 
which are linked through nerves to a 
central switchboard, the brain and 
spinal cord. Information about the out- 
side world passes from receptors to the 
brain or spinal cord. There it is trans- 
lated so that the correct organ which 
is to act (e.g. a muscle) receives a 
signal through another nerve. 

Nerve tissue, then, by passing 
signals from one part of the body to 
another, and in some parts storing in- 
formation, is the body’s main control- 
ling agent. Not all the cells in the 
nerve tissue conduct signals, some 
form special types of binding tissue 
and pass food to the conducting cells. 


The main part of a typical nerve conducting 
cell is the cell body. This is rounded but 
from it branch a number of fine branches 
(dendrites) which receive signals from other 
nerve cells. A single fine branch, the axon, 
carries signals away to another nerve cell 
or to a muscle or gland. Axons passing from 
the nerve cord to the toes may be three feet 
long. 

Each axon is a long thin thread of living 
jelly (protoplasm) surrounded by an insulating 
layer of fatty materials and protein. Every 
nerve fibre has a thin membrane round it. A 
small nerve is a bundle of nerve fibres sur- 
rounded by a sheath. Large nerves contain a 
number of bundles. 

Not all nerve-conducting cells have a long 
axon. Many of the cells in the brain, for 
example, have one which is about the same 
length as the dendrites. 


| FAMOUS SCIENTISTS | 


LEEUWENHOEK’S 


‘Little Beasties’ 


ANTON van Leeuwenhoek was born in the town of 

Delft, Holland, in 1632. He had a rather unusual 
background for a scientist, beginning in the cloth trade in 
Amsterdam, and then becoming City Chamberlain of his 
native town. He became interested in the making of 
microscopes, however, and used them enthusiastically in 
his studies almost until his death in 1723. 


The Microscopes 


Leeuwenhoek’s microscopes were not at all like those 
seen in present-day laboratories. They had only one small 
lens, almost spherical, mounted between metal plates. 
Such a lens, although difficult to produce, gave consider- 
ably better magnification than any other microscope of the 
time. Leeuwenhoek did not invent the microscope (Gali- 
leo, often credited with the invention, is known to have 
used one some fifty years previously). His achievement lay 
rather in his skill in setting and grinding the lens more 
accurately than had been possible before. 


Blood and the Circulation 


One well-known study by the Dutch scientist was con- 
cerned with the circulation of the blood. William Harvey 
had made the great discovery of the circulation about 
1616, but there remained the problem of how blood from 
the arteries was actually transferred to the veins to be 
returned to the heart. Leeuwenhoek’s work, together 
with that of another microscopist, Marcello Malpighi, 
showed that it passed through tiny tubes we now know 
as capillaries. In other studies Leeuwenhoek examined the 


A Leeuwenhoek Microscope 


A. Main adjusting screw for raising and lowering object being examined 
B. Microscope body 
C. ‘Skewer’ to impale object and turn it round 


D. Simple lens fastened in body of microscope 


Leeuwenhoek shows how to examine a specimen through 
his microscope. 


structure of the skin, hair, teeth and the eye, observed 
minute creatures (now called Protozoa) in pond water, 
identified the eggs and pupae of ants and considered a 
host of other biological subjects. 


Observation of Bacteria 


Leeuwenhoek’s greatest success came, however, when 
he examined the tartar from his own teeth. To his great 
surprise he saw that there were in the tartar ‘a large 
number of “‘little beasties’ moving about in a highly 
amusing way’. The largest of them, he noted, ‘showed 
the liveliest and most active motion, passing through the 
saliva as a fish of prey darts through the sea’. This was 
almost certainly the first observation of the tiny plants 
called bacteria which are so important in our lives as agents 
of decay and disease. 

This Dutch scientist was by no means the only pioneer 
in the use of the microscope. Robert Hooke, Nehemiah 
Grew, Marcello Malpighi and Jan Swammerdam were 
amongst the most famous early workers, opening a vast 
new field of research into the world of creatures too tiny 
to see with the naked eye. 


15 


PROPERTIES OF MATTER 


The Three States of Matter 


76 


Atoms of the element copper as a gas. 


Copper is solid below 1080°C., 


emer LIQUID, GAS. These are 
the three states of matter. 

We are used to thinking of some 
things as solids, and of others as 
liquids, even of a few as gases. We 
think we know which are which. 

But we are only right within the 
familiar temperature range at which 
we can live. Lower or higher than the 
o° to 40° or so Centigrade range which 
we know, matter of every sort makes 
changes of its state that have tre- 
mendous effects. 

The intense cold of the planet Jupi- 
ter, for example, has caused its 17,000 
mile thick inner atmosphere to freeze 


solid. Life that depends on breathing 
gases is impossible on Jupiter’s surface. 
Earth is lucky to have temperatures 
that keep its atmosphere gaseous. 

The pictures show the three states 
of a familiar element—copper. All 
materials can change into all three 
states, solid, liquid and gaseous, but 
you are unlikely to see it happen with 
some—hydrogen becomes a solid at 
minus 259-:14°C., only 14° above abso- 
lute zero; platinum gasifies at 3,800°C. 
—about two-thirds the temperature 
of the Sun’s surface.: 

Copper is a substance which can 
exist as a solid like the kettle, or as 


Copper is a liquid between ro80°C. and 2580°C. 
i In the liquid state the molecules 


iN 


a liquid like that in the ladle, or as 
a green gas like that in the bunsen 
flame. We are used to thinking of 
copper as a solid because it is in the 
solid state at temperatures prevailing 
on the surface of the Earth. At 
higher temperatures it changes into 
the liquid state, and at still higher 
temperatures it changes into the 
gaseous State. 

The smallest possible piece of any 


material is an atom. The difference - 


between solid, liquid or gaseous states 
is the amount of movement the atoms 
and the molecules (groups of atoms) 
make at that temperature. Copper 
atoms are shown in the pictures in 
each of the three states. 

In the solid state the molecules of 
which a material is formed are 
closely packed. They do not move in 


relation to each other, they just 
vibrate together while remaining in 
their fixed pattern. This makes it 
difficult to press solid materials into 
new shapes. 


are about as closely packed, but they 
slip against each other in all direc- 
tions. The hotter the liquid is, the 
faster the molecules will be moving. 

Because the molecules slide so 
easily a liquid has no shape; in fact 
it always fits the bottom of what- 
ever contains it, pulled down by 
gravity. But it cannot be pressed into 
a smaller volume any more easily 
than as a solid, for the molecules are 
tightly packed. 

It is difficult to believe that solid 
metal can actually turn into a gas. 
At these temperatures the molecules 
are moving so fast that they have 
broken free of each other. They take 
up a great deal more room than as a 
solid or liquid, and there is an enor- 
mous amount of space between them. 
It is easy to compress a gas, it is 
just a matter of reducing the space 
between the molecules. Like a liquid 
a gas has no shape, but unlike a 
liquid it will spread out to fill com- 
pletely any container. 


Copper is a gas above 2580°C. 
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| HEAT PHYSICS 


TEMPERATURE AND 


KETTLE placed over a fire gets 
hot. Although there is no change 
in the appearance of the kettle, some- 
thing has obviously happened to it. 
If we could see the smallest particles, 
make up the 


called atoms, that 


we know from our experience with the 
kettle. As soon as the kettle has been 
removed from the fire it is hotter (1.e. 
is at a higher temperature) than its 
surroundings, but it certainly does not 
contain anything like the amount of 


The clinical thermometer is a modified form of the normal mercury thermometer. Since the 
variation of body temperature is so small, certainly no more than 10 or 15 degrees around the 
average (98-4°F), it is graduated only within these limits. There is a narrowing in the tube just 
above the reservoir so that the level of the mercury will not fall immediately the thermometer 


has been removed from the patient to be read. 


kettle, we should find that they were 
vibrating more energetically than 
they were when the kettle was cold. 
For heat is simply a form of energy. Heat 
energy has ‘flowed’ from the fire into 
the kettle. When the kettle is taken 
off the fire it cools because heat 
energy ‘flows’ from the kettle to its 
surroundings. 

Heat will naturally flow from a hot 
object to one that is colder. The 


The platinum resistance thermometer consists of a length of fine platinum wire wound on a 


heat (i.e. energy) that is present in the 
whole of its surroundings. 
Temperature is a measure of ‘hot- 


ness’ and any instrument which 
measures temperature is called a 
thermometer. 


In order to measure temperature 
there must be a scale: just as you need 
units like inches and miles to measure 
distance, so you need degrees to 


measure temperature. It does not par- 


mica frame and enclosed in a protective glass tube. Temperatures are found by measuring 
the wire’s electrical resistance (this increases as its temperature rises). 


The thermocouple consists of two wires of 
different metals joined together. When the 
two junctions are at different temperatures 
an electric current flows between them. 
Since the current varies with the difference 
in temperature between the junctions the 
thermocouple can be used as a thermometer. 


‘hotness’ of an object is indicated by 
its temperature. An object is hot when 
its temperature is high, and cold when 
its temperature is low. But tempera- 
ture is not the same thing as heat. This 
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ticularly matter what the scale is as 
long as it is agreed upon. For most 
scientific purposes the temperature at 
which water turns to ice is called o 
degrees and the temperature at which 
water boils (under normal pressure) is 
called 100 degrees. This is the centi- 
grade or Celsius scale. Of course it is 
not confined to measuring tempera- 
tures between the freezing point and 
boiling point of water. Another well- 
known temperature scale is named 
after the scientist who devised it— 
Daniel Fahrenheit. He found what he 
thought to be the lowest possible 
temperature, the temperature of a 
freezing mixture of ice and sal am- 


moniac, and called this o degrees (in 
fact his idea of the lowest possible 
temperature was about 460 of his own 
degrees too high). At the other end 
of the scale he took the temperature 
of the human body and for some 
reason called it 98 degrees. On the 
Fahrenheit scale the freezing point of 
water comes out at 32 degrees and its 
boiling point (under normal pressure) 
at 212 degrees. One advantage the 
Fahrenheit scale has over the centi- 
grade is that a greater number of 
degrees cover the small range of tem- 
perature we normally experience and 
so there is less need to use fractions of 
degrees. But on the whole it is a more 
difficult scale to work with, and is 
gradually becoming obsolete. 

Every change that is brought about 
by heating can be used to measure 
temperatures. The most obvious 
change is the expansion, or increase in 
size, which objects undergo as they 
are heated. Unfortunately the expan- 
sion of a solid is too small to be used 
directly; the expansion of a liquid, 


INSTRUMENT 
FOR 


MEASURING 
RESISTANCE 


BATTERY 


however, is used in the type of thermo- 
meter that everyone is familiar with. 
Most people think of a thermo- 
meter as mercury in a glass tube, and 
indeed, since the normal range of 
temperatures we are likely to ex- 
perience is extremely small, this is the 
kind in most general use. It consists of 


THERMOMETERS 


a fine glass tube (capillary) connected 
to a bulb containing mercury, a liquid 
that is in fact a metal. The important 
thing is that when mercury is heated 
it expands regularly (by almost one 
part in 5,000 for each degree). Thus, 
as the temperature increases the mer- 
cury expands and rises up the tube. 
The hollow tube is very narrow so that 
small changes in the volume of the 
mercury can be detected. It is quite 
simple to mark the proper tempera- 
tures on the glass tube. The thermo- 
meter is dipped in melting ice which 
by definition is at 0° centigrade and 
the tube is marked off at the level of 
the mercury as 0°C. Then it is placed 
in steam which, by definition, is at 
100° centigrade and once again the 
level of the mercury is marked off on 
the glass tube. Because mercury ex- 
pands regularly the distance between 
these ‘fixed points’ can be divided up 
equally to give 100 degrees. 

The mercury thermometer has its 
limits. At — 39° centigrade (i.e. 39° 
below the melting point of ice), mer- 
cury freezes. Hence mercury ther- 
mometers are of little use in Polar 
regions where temperatures lower 
than —73°C. have been recorded. 
Lower temperatures (down to — 80°C) 
can be measured by using alcohol in 
place of mercury, but this, too, has its 
limits. Alcohol tends to stick to glass 
and it boils at almost 79°C. These 
simple thermometers are useless when 
it comes to measuring extremes 
of temperature, for the complete 
temperature range extends from 
—273°C (Absolute Zero) to beyond 
100,000,000°C (the temperature at the 
centre of a hydrogen bomb explosion). 

A much more reliable thermometer 
is made of platinum wire and depends 
upon the fact that a metal becomes a 
poorer conductor of electricity as its 
temperature rises. In fact tempera- 
tures are found by measuring the 
electrical resistance of a coil of platinum 
wire in a glass tube. Electrical re- 
sistance can be regarded as the op- 
posite of electrical conductivity. Be- 
cause it is possible to measure electri- 
cal resistance with a high degree of 


The optical pyrometer contains a special 
electric lamp and utilises the fact that 
materials change colour as their tempera- 
ture rises. An electric current flowing 
through the pyrometer is increased until the 
hot filament of the lamp becomes invisible 
against the background of the furnace. 
The temperature of the furnace at this 
point is read off on a scale. 


precision this type of thermometer is 
extremely accurate and can measure 
to a minute fraction of one degree. 
Its use over a wide range of tempera- 
ture is a big advantage. 

Another kind of electrical thermo- 
meter uses the principle of the thermo- 
couple. A thermocouple is made by 
joining two wires of different metals 
together: when the two junctions are at 
different temperatures there is a volt- 
age (a kind of electrical ‘pressure’ that 
causes a current to flow) between 
them. Since the size of the voltage 
depends on the difference in tempera- 
ture between the junctions, a thermo- 
couple can obviously be used for 
measuring temperature differences. It 
is only necessary to place one junction 
in contact with the object whose 
temperature is required and to read 
off the voltage developed from a 
meter. The dial of the meter may be 
calibrated to read °C (degrees centi- 
grade) instead of volts. Platinum and 
an alloy of platinum with rhodium 
are the metals generally used for the 
two wires. Such a thermocouple is 
especially useful for measuring high 
temperatures. 


FILAMENT 
TOO 
COLD 


FILAMENT 
AT 


CORRECT 
TEMPERATURE 


For temperatures above 2,500°C 
the kind of thermometer generally 
used is the optical pyrometer. This is 
based upon the fact that as a material 
becomes hotter it changes colour, first 
to dull red, then bright red, then 
orange, then yellow, then white, then 
bluish-white. (Some of the stars with a 
bluish colour have a surface tempera- 
ture of 50,000°C). The operator looks 
at the open furnace through the pyro- 
meter, which contains a special elec- 
tric lamp and a red filter. The current 
is increased until the hot filament 
of the lamp becomes invisible against 
the background of the furnace. 
An ammeter measures the current 
needed to make the filament dis- 
appear and this indicates the tempera- 
ture if the scale has previously been 
made with objects at known tempera- 
tures. The same principle is used to 
measure the temperature of stars. 
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DYNAMICS | 


‘If a force acts on a body 

the acceleration 

it produces is proportional to 
the size of the force 

and inversely proportional to the 
mass of the body.’ 


The forces pushing car and bicycle are 
roughly equal. But because the mass 
(weight) of the bicycle is less than that 
of the car it can be pushed more quickly 
and will gather speed more rapidly. 


IKE the first law of motion, ex- 

plained in a previous article, the 
second law is concerned with the way 
moving objects behave. The first ex- 
plains that the greater the force ap- 
plied to an object the greater will be 
its change of speed or ‘acceleration’. 
This is clearly the case, for example, 
with a cyclist pushing the pedals round 
as he moves along. Assuming he is on 
a flat road, and that there is no wind, 
the harder he pushes the more quickly 
his speed will increase. (In theory it 
needs no effort at all to keep a steady 
speed.) 

Acceleration is the increase of speed 
over a certain time. Thus a man push- 
ing hard on his pedals may increase 
his speed from o miles per hour to 5 
m.p.h. in 5 seconds. His acceleration 
is said to be 1 mile per hour per second. 


ea eens SOS 


z nn r * 

RUBC Se 

ate ———p 
~ 


— {ée | 
\e = 
— 


A stronger man, pedalling with more 
effort, would accelerate faster (e.g. 2 
miles per hour per second), though in 
each case the mass (which can be 
taken here to mean the same as weight) 
of the man and bicycle remain 
roughly the same. 

The second part of the law states that 
the acceleration is inversely propor- 
tional to the mass. This simply means 
that the same force would accelerate a 
light object faster than a heavy one. 
For example a man can throw a cricket 
ball much farther and much faster than 
a cannon ball ten times its weight. 

Combining the two parts of the law 
gives this: the force acting on a body 
is proportional to the mass of the body 
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and to the acceleration it produces. 
The force is equal to the mass times the 
acceleration provided that the proper 
scientific units of force are employed. 

The scientific units of force are the 
poundal (the force which will accelerate 
1 lb. at 1 foot per second per second) 
and the metric dyne (the force needed to 
accelerate 1 gram at 1 centimetre per 
second per second). The units of force 
used in everyday life are the pound 
weight and the gram weight. 1 lb. 
weight is equal to a force of 32 poun- 
dals and 1 gm. weight is equal toa force 
of 981 dynes. But the pound and the 
gram are really units of mass and if 
they are used as units of force may lead 
to erroneous results in calculations. 


Acceleration 1s proportional to the force producing it. All the cyclists are of similar mass—the winner produces a faster increase 
in speed than his rivals during the final sprint because he exerts a greater force on his pedals. 
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| MINERALOGY | 


IDENTIFYING MIN 


Apatite Zincite 


Pyrite 
HEXAGONAL 


Fluorite 
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yINERALS are the substances which make up the rocks of the Earth. Some 

minerals, e.g., gold, silver and copper, are themselves elements but most are 
compounds of two or more elements. Substances like coal and petroleum, which 
have been formed from the remains of once-living plants and animals, are not 
classed as true minerals. Identifying minerals is of utmost importance to the 
prospector but it can also be an exciting pastime in which anyone with a little 
knowledge can join. 

All minerals have a definite chemical composition (i.e., they represent a certain 
combination of elements) and definite physical characteristics (in relation to 
hardness, lustre, transparency, etc.) by which they may be recognised. The vast 
majority of minerals have a definite crystal structure. In other words the smallest 
particles in the mineral are arranged as a regular, repeating pattern like the tiles 
in a mosaic. A few minerals, however, are non-crystalline, i.e., they have no 
definite shape, like opal (a form of quartz), and are called amorphous. Some 
minerals are fairly easy to identify but others resemble each other so closely 
that a number of tests are needed to distinguish between them. 
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Crystallography 


There are six great systems of 
crystal forms: <sometric, tetragonal, 
hexagonal, orthorhombic, monoclinic, and 
triclinic. The division is based upon 
imaginary lines or axes passing through 
the centre of a crystal—their number, 
relative lengths and relative angles. 
In the isometric system, for instance, 
the crystals have three axes, each of 
equal length and each at right angles 
to each other (as, for instance, in a 
cube). 

Common rock salt, or halite, 
is composed of lots of little cubes 
(though such an arrangement of the 


Cube 


Gold crystal 


axes can produce far more shapes than 
just a cube). The size of crystals 
varies tremendously; some are too 
small to be studied by the naked eye 
while crystals of spodumene have 
been found close on fifty feet in 
length. The trouble with examining 
crystals is that perfect specimens are 
very rarely found and it takes a lot 
of experience to be able to recon- 
struct the whole crystal from a mere 
fragment. 


Specific Gravity 


A good lead towards the identity 
of an unknown mineral is its specific 
gravity, i.e., the weight of a piece of 


Pyrite crystal Leucite crystal 


Some of the minerals listed in the same system may, at first glance, seem to be quite different. 
But the important thing is that their axes have certain similar characteristics with regard to 
number, length and relative angles. Every crystal in the isometric system, for example, could 
be cut from a cube without altering its axes. 
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Scapolite 


the mineral compared with the weight 
of an equal volume of water. Sulphur 
has a specific gravity of 2, corundum 
4, Cassiterite 7 and so on. It needs a 
special apparatus to find the specific 
gravity so this cannot be done in the 
field but it is possible to distinguish 
between lighter and heavier minerals 
(provided both lumps are the same 
size) simply by comparing them in 
your hands. A piece of talc (specific 
gravity 2-8) seems considerably light- 
er than a piece of apatite (specific 
gravity 3°2). 
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Mohs’ Scale of Hardness 


An easier characteristic of minerals 
to determine is hardness. This can be 
done by means of the scratch test which 
is based upon the simple fact that a 
harder mineral scratches a softer one. 
There is a scale of hardness, called 
Mohs Scale after the Austrian mineral- 
ogist who devised it as a possible 
means of identifying minerals. It 
uses ten minerals, each a little harder 


Galena may be scratched by calcite (hardness 
3 on Mohs’ scale) but will itself scratch gypsum 
(hardness 2), so its hardness must be about 
2.5 on this scale. 


than the one before, namely: 1 talc 
(the softest), 2 gypsum, 3 calcite, 
4 fluorspar, 5 apatite, 6 orthoclase, 
7 quartz, 8 topaz, g corundum, 
10 diamond. In order to find the 
hardness of any mineral you simply 
find the softest mineral in the set that 
will scratch it. Galena, for instance, 
will be scratched by calcite but will 
itself scratch gypsum, so its hardness 
is about 2°5. Iron pyrites (Fool’s 
gold), has a hardness on Mohs’ 
scale of 6 to 6:5. This quickly dis- 
tinguishes it from real gold which 
has a hardness of only 2°5 to 3. You 
can buy a hardness set of minerals. 
Number 10, the diamond, is usually 
left out because of the cost but it 
does not really matter because you 
are not likely to find a mineral 
harder than corundum (if you did 
it would be a diamond). 

The hardness of a mineral can be 
roughly determined without the aid 
of a hardness set. A fingernail has a 
hardness on Mohs’ scale of about 
2°5, a piece of glass about 5:5 and the 
blade of a knife about 6°5. 


82 


Minerals and Light 


Some minerals are transparent, i.e., 
you can see through them clearly. 
Other minerals are opaque, i.e., no 
light is transmitted through them at 
all. Then there are the minerals in 
between, which let through a certain 
amount of light only. But many 
minerals classed as opaque will let a 
certain amount of light through if 
they are ground down to a very fine 
film. 

Colour is an important character- 
istic of minerals and an important 
clue in identification, especially where 
metallic minerals are concerned, for 
their colours are usually constant, 
with only slight variations in shade. 
But in minerals like quartz, corundum 
and garnet colour is often due to 
impurities and may vary considerably. 
And with some minerals, e.g., tour- 
maline, you can look at them behind 
the light and they will have one 
colour (or maybe more) but look at 
them in front of the light and the 
colour changes. 

The streak of a mineral is its colour 
when it has been ground to a powder. 
It may differ from the superficial 
colour of the mineral but the great 


Cleavage and Fracture 

The way in which a mineral breaks 
is another clue to its identity. Cleav- 
age is the way in which some minerals 
tend to split along certain flat planes. 
Cleavage can be revealed by breaking 
a crystal of the mineral and noting 
how it splits. The type of cleavage 
is described by the number of cleav- 
age planes and their relative angles. 


Basal cleavage: 
mica 


Some minerals are quite transparent and print 
may be read through them with ease. Others are 
opaque and others still somewhere in between. 


advantage is that the streak varies 
little from specimen to specimen 
whereas the superficial colour may. 
The superficial colour of talc, for 
instance, is green but its streak is 
white. Similarly, haematite, with a 
superficial colour of grey or black has 
a streak of reddish-brown. 

The lustre of a mineral (its ‘shine’) 
depends upon the amount of light it 
absorbs or reflects. It may be des- 
cribed as resinous (like beeswax or 
resin) (e.g., sulphur), pearly (e.g., 
mica), silky (satin-like sheen) (e.g., 
chrysotile), vitreous (glassy) (e.g., 
quartz), adamantine (flashing) (e.g., 
diamond) or metallic (e.g., all of the 
metallic minerals). Minerals without 
any lustre are said to be dull (e.g., 
kaolinite). 


To take a simple example, galena 
has a cubic cleavage; there are three 
cleavage planes at right angles to each 
other. So, if you smash a cubic 
galena crystal it will tend to break up 
into a number of smaller, shiny cubes. 
One of the most interesting types is 
basal cleavage where there is just one 
cleavage plane, parallel to the base of 
the crystal. The best example of this 
is to be found in the mica minerals, 
which can be split into extremely 
thin sheets. 

A mineral which does not break 
along a cleavage plane is said to 
fracture. All minerals can fracture but 
are not likely to do so if they have a 
good cleavage. There are a number 
of different types of fracture, e.g., 
even, uneven, fibrous, conchoidal 
(shell-like) etc. Chrysotile (the major 
source of asbestos) has such a fibrous 
fracture that the strands can be spun 
and woven. Conchoidal fracture is 
best seen in the rock obsidian (vol- 
canic glass). 


Boron 


Some minerals take on new colours when exposed to ultra-violet light 
and are said to fluoresce. Some specimens of fluorite fluoresce with a 


strange bluish colour. 


An interesting optical character- 
istic of minerals is the degree to 
which they bend light rays. Light 
rays always change direction when 
passing from one medium to another 
(this is why a stick in water appears 
to be bent) and the greater the dif- 
ference in optical density between 
the two the greater the amount of 
bending (water is denser than air, 
for instance). Every mineral has its 
own refractive index (the amount it 
bends light rays). This is one sure 
way of distinguishing between real 
and fake gems. 

Some minerals, when exposed to 
ultra-violet light, show wonderful 
colours which previously they did not 
appear to have. These minerals are said 
to fluoresce. They include, among others, 


Chemical Tests 


the uranium minerals. Some minerals 
fluoresce through impurities. Others 
fluoresce if they come from one locality 
but not if they come from another, or 
fluoresce with different colours from 
different localities. One of the most 
beautiful fluorescent minerals is the 
ruby (a variety of corundum) which 
emits a brilliant red glow when 
subjected to ultra-violet light. 

The special optical characteristics 
of a mineral when ground down to a 
fine film and viewed through a 
polarizing microscope may be a guide 
to identification. It is also a fascinat- 
ing study in its own right. Polarized 
light is a special form of light which, 
when passed through a thin section 
of the mineral may produce a won- 
derful pattern of colours. 


A great number of chemical tests can be used to diagnose the nature of an unknown mineral. 
The flame test relies upon the fact that a mineral will colour a flame according to the metal it 
contains. The sodium minerals (albite, glauberite, halite, borax, chabazite, lazurite, oligoclase, 
etc.) will colour a flame strong yellow. The strontium minerals (strontianite and celestite) will 
give it a glorious crimson-red colour (strontium goes into many fireworks). The copper minerals 
(azurite, bornite, chalcopyrite, malachite, tetrahedrite, etc.) colour a flame either blue or green, 
and so on. The blowpipe test involves heating the mineral in a powdered form on a charcoal 
block. Heating anglesite, for instance, in this way produces a ball of lead. 


When viewed through a polarizing micro- 
scope a wonderful pattern of colours may be 
seen in this thin section of muscovite (one 
of the mica minerals). 


When a real diamond and a paste diamond 
are placed in a liquid which bends light rays 
entering it by the same amount as the paste 
diamond, only the real diamond will remain 
visible. 


Other Means of Identification 
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CELL FROM 
OUTER LAYER 


MUSCLE TAIL 


CELL FROM 
INNER LAYER 


MUSCLE TAIL 


A diagram of the two cell layers in Hydra to show the arrangement of the muscle tails 
at the bases of the cells of both cell layers. (Lower picture) Two individual cells showing 
the position of the muscle tails. 


SECTION ACROSS Il, 
ANIMAL_AT REST 


SECTION ACROSS | 

CIRCULAR FIBRES OF 
INNER LAYER 
SHORT AND THICK 


When the circular fibres of the inner cell layer shorten the 
creature 1s squeezed and so becomes longer and thinner, just 
like a balloon 1s when you squeeze it. 


() 


(a) Hydra in resting position (b) longitudinal muscle fibres 
Shortened on right side (c) longitudinal muscle fibres 
shortened on both sides (d) circular muscle fibres shortened. 


Animals 


"THE living jelly of which all living 
things are made is called pro- 
toplasm. It has the consistency of a 
table jelly which has not set properly. 
If you pour such a jelly out of its 
mould it will settle into an irregular, 
floppy mass. In a similar way pro- 
toplasm would flop if it were not 
contained by the wall of each cell and 
in the larger animals if the cells were 
not held together by cementing and 
binding materials (connective tissues) 
or supported by a hard skeleton. An 
elephant if it had no bones would 
just be a heap of flesh unable to move 
and completely unprotected. 
However, there are many animals 
which have no hard skeleton of any 
sort, neither a bony internal skeleton 
nor a hard external skeleton or outer 
shell. Many of them live in water 
which gives them much of the support 
they need. A jelly-fish, for example, 
depends on the buoyancy it has when 
it is in water. Its protoplasm is also 
strengthened by many threads or 
fibres but a jelly-fish is stranded when 
it is cast onto the shore for it has no 
skeleton to support it. In a jelly-fish 
the muscle fibres in the bell, by 
shortening or lengthening, are able 


SECTION 
THROUGH A 


SECTION 
THROUGH B 


If the muscle tatls of the outer layer of 
cells shorten on one side of the Hydra then it 
bends over in the direction of the shortening. 


With No Hard Skeleton 


to contract and expand the bell so 
forcing out a jet of water which 
forces the animal along. 

An Amoeba too, is naturally buoyant 
in water. Its protoplasm is contained 
by a very thin covering membrane. 
If you look at an Amoeba under the 
microscope you will see that it is an 
irregularly-shaped mass. When it 
moves it literally flows through the 
water by pushing out fingers of jelly at 
the front and pulling itselfinattherear. 

Hydra is a small animal which lives 


DIRECTION OF MOVEMENT 
fem 


A diagram to show the arrangement of the 
muscle layers in a worm and one of the 
partitions which divides the fluid filled space 
inside it into compartments. 

in water. It has no hard skeleton. 
Its body is a long hollow sac with an 
opening (the mouth) at one end 
which is surrounded by a ring of 
tentacles. The wall of the sac is made 
up of two layers of cells, each one 
cell thick, between which is a layer of 
jelly. The ends of some of the cells 
of each layer which are next to the 
jelly are drawn out into long muscle 
fibres. These fibres can shorten and 
lengthen and so change the shape and 
position of the animal. 

The diagram shows how the muscle 
fibres of the outer layer of cells run 
lengthways while the fibres of the 
inner cells run round the animal. 
When the lengthwise fibres shorten 
on one side the animal bends over in 
the direction of the shortened fibres. 
If the lengthwise fibres shorten all 
round the animal it will become 
shorter. When the circular muscle 


fibres shorten the animal becomes 
thinner and longer. 

An earthworm, too, has no hard 
skeleton. Its cells are ‘glued’ together 
by cementing materials and its tissues 
and organs held in place by connec- 
tive tissues. To all intents and pur- 
poses an earthworm consists of a 
closed hollow tube through which 
runs another straight tube, the gut, 
which is open at both ends. The 
space between the outer tube, or 
body wall, and the gut is filled with 


The jelly-fish swims by alternately con- 
tracting and relaxing (expanding) its bell 
and so shooting out a jet of water, (left) 
the bell contracted (right) the bell relaxed 
or expanded. 


When the worm moves forwards the front segments become longer and thinner and the worm 
ts drawn out. The bristles in the hind segments dig into the soil to prevent the worm 
slipping backwards while the longitudinal muscles shorten and so make the worm fatter. 


fluid. It is the pressure of this fluid 
which maintains the worm’s cylin- 
drical shape and which gives the 
muscles something to work against 
in order to move the worm along. 
An earthworm has two main sets 
of muscles, an outer set of circular 
muscle fibres which lie underneath 
the skin and, inside these, a set of 
fibres which run lengthwise. When 
the circular muscle fibres shorten and 
the lengthwise fibres lengthen the 
worm becomes thinner and longer. 
When the worm moves forwards 
this process starts at the front and 
spreads backwards. The bristles on 
the hind segments push into the soil 
so that the worm does not slip back- 
wards. As soon as enough front 
segments have stretched forwards for 
the bristles of these segments to get 
a firm grip, the bristles of the hind 
segments release their hold on the 
soil and then the hind part of the 
worm is drawn forwards. Usually 
before this has finished the front end 
of the worm has already started to 
get fatter through the lengthwise 
muscle fibres of that region shortening 
and, at the same time, the circular 
muscles relaxing. The worm, there- 


fore, becomes alternately thinner and 
fatter along its length. 

The fluid-filled space between the 
muscles and the gut is divided into 
compartments by vertical partitions 
between the segments of the worm. 
When the muscles work they push 
against the fluid and increase its 
pressure. This pressure increase is 
transmitted to the next compartment 
when the partition bulges. The par- 
tition itself is muscular and tends to 
resist the pushing of the fluid. Because 
of this the effect of the pushing action 
of the muscles is restricted to a few 
segments at a time and in this way 
different parts of the worm can 
bulge while others become thinner. 

In marine burrowing worms, 
such as the lugworm, the fluid 
in the body cavity is of great 
importance in enabling the worm 
to burrow rapidly into the mud and 
sand on the seashore. It usually takes 
only two or three minutes to burrow, 
but if a small amount of the fluid is 
taken out with a syringe this time 
may be trebled. The body of the 
worm becomes limp and the muscles 
are unable to work as effectively as 
normal. 
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TECHNOLOGY | 


CUTTING METALS WITH GASES 


GASES which burn at a high 

temperature can be of great use 
to the engineer in ‘cutting’ metals. 
The best known of the fuel gases are 
hydrogen, acetylene and propane. 
Burned together with oxygen they 
produce a very hot flame indeed. 
Normally oxygen is only one-fifth of 
the air. For these gas burners pure 
oxygen is used under pressure, and 
temperatures of over two thousand 
degrees Centigrade can be obtained, 
hot enough to melt even steel. 

The cutting of metals is extremely 
important in industry. Shipwrights, 
for example, must prepare and shape 
heavy metal plates for the hulls of 
ocean-going liners. Scrap merchants 
need to break up large girders and 
castings in their yards before they 
can be transported to the steel works 
for remelting. These are only two 
instances amongst thousands of appli- 
cations of gas cutting today. 

The torch used to cut metal is 
basically a tube with several channels 
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OXYGEN ACETYLENE MIXED GASES 


A cross-section through an oxy-acetylene 
torch. The fuel gas and the oxygen are 
delivered to the nozzle and mixed there for 
the heating flame. The oxygen for cutting 
1s piped through the centre of the torch. 


oxygen producing a clean ‘cut’. The 
blowtorch may be held in the hand 
(gloves are not usually needed) or 
attached to a machine which moves 
it automatically. 

Of the three gases mentioned— 
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Using oxy-propane torches mounted on an automatic cutting machine. The torches produce 
very accurate spanner shapes from the metal sheet. 


within it so that the oxygen and fuel 
gas can be mixed together prior to 
burning. The jet of gases emerges 
from the nozzle of the blowtorch in a 
narrow and extremely hot flame. 
The operator moves the fuel flame 
over the surface of the piece of metal 
until it is red hot. He then plays a 
stream of pure oxygen onto the red 
hot surface. The metal burns in the 
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hydrogen, propane and acetylene— 
propane is the most important today. 
It has the advantage of cheapness. 
Propane is produced from natural 
gas, one of the hydrocarbon fuels 
with a chain structure (described in 
an earlier issue). Acetylene is a gas 
produced by dropping water onto a 
greyish white solid called calcium 
carbide. Because it is so inflammable 


acetylene has to be handled very 
carefully. Both the fuel gas and the 
oxygen are kept in cylinders under 
great pressure. Valves on the cylinders 
control the pressures and speed at 
which the gases escape along the 
pipes to the blowtorch. 

Because the flame of a gas cutter is 
extremely bright, the operator has to 
wear dark glass goggles to reduce the 
glare and to protect his eyes from 
stray sparks. 


| ELECTRICITY | 


The Gurrent in a Circuit 


N electric current is a flow of 

electricity carried by minute 
particles, called electrons, which nor- 
mally make up the outermost parts 
of atoms. An atom which has less 
than its share of electrons will attract 
electrons from other atoms, so a flow 
of electrons (an electric current) can 
be produced in a wire by ensuring 
that the atoms at one end have a 
surplus of electrons while those at the 


resistances of the separate bulbs (plus 
the resistance of the connecting wires 
which is almost negligible). It is 
possible to build up sufficient elec- 
trical pressure (by placing a number 
of batteries in the circuit) to make 
electricity flow through the circuit 
and the current can be increased (by 
adding more batteries) until the rate 
at which the electricity flows (i.e., 
the strength of the current) is suf- 


Three bulbs connected in series to a 
battery glow brightly. But when three 
more bulbs are inserted in the circuit all 
six glow dimly because the resistance to 


other end have less than their share. 
This causes an electrical ‘pressure’ 
between the ends of the wire and 
results in a steady drift of electrons, 
jumping from atom to atom along the 
wire. 

Resistance is the name given to the 
way in which a substance opposes the 
flow of electricity through it. Every 
substance has a certain resistance, 
depending upon the material of which 
it is made, its shape, size and tem- 
perature. A good conductor of elec- 
tricity, such as copper, has a low 
resistance because some of the elec- 
trons are only loosely held to atoms. 
In a poor conductor, such as rubber, 
all of the electrons are held very 
tightly to atoms and the resistance is 
very high indeed. 

If a number of lamp bulbs (or any 
other pieces of electrical apparatus 
for that matter) are connected in a 
circuit so that an electric current 
flows first through one and then 
through the next, they are said to be 
connected in series. Each bulb offers 
a certain amount of resistance to 
electricity flowing through it and the 
total resistance is the sum of the 


&. 


the flow of electricity has been doubled 
while the electrical pressure has remained 
the same; hence the current strength has 


decreased. When five of the six bulbs 


ficient to heat the filaments of the 
bulbs and make them glow. If, at this 
point, all of the bulbs were to be 
removed from the circuit bar one 
(and the breaks in the circuit joined 
up) the resistance to the flow of 
electricity would be _ considerably 
reduced. The electrical pressure, how- 
ever, would remain the same so the 
strength of the current would increase 
(i.e., the electricity would flow at a 
greater rate). As a result the filament 
of the solitary bulb would soon be- 
come overheated and melt, or in 
other words, the bulb would ‘blow’. 
If, on the other hand, more bulbs 
were inserted in the circuit instead 
of some being taken out, the resistance 
to the flow of electricity would be 
increased. The electrical pressure 
remaining the same, the current 
would decrease in strength (i.e., the 
rate at which the electricity flowed 
would decrease). In this case the 
filaments of the bulbs would not be 
heated so strongly and would not 
glow so brightly. 

These experiments show that there 
is a definite relationship between the 
electrical pressure that makes a cur- 


rent flow, the rate at which the 
electricity flows (the current strength) 
and the resistance of the object or 
objects through which the current 
passes. This was realised in 1826 
by Georg Ohm, a Bavarian school- 
master. He found that the ratio of 
electrical pressure to current in a 
certain object at a certain tempera- 
ture was always constant (the constant 
being the resistance). 

For practical purposes Ohm’s law 
is slightly modified. The units in 
which resistance may be measured 
are called ohms. The electrical pres- 


are taken out of the circuit the resistance 
decreases by five-sixths but electrical pres- 
sure remains the same; hence the current 
strength increases and the bulb ‘blows’. 


Diagram for remembering 
Ohm’s law in its various forms. 
Cover the item you are look- 
ing for and the formula for 
working it out will remain. 


sure that causes electricity to flow is 
expressed in units termed volts and the 
rate at which the electricity flows 
(current strength) is measured in 
amperes (usually shortened to amps). 
Because the relationship between 
these three is, as Ohm pointed out, 
always constant, if any two of them 
are known then the third may be 
worked out. In this practical form 
Ohm’s law states that resistance 
(in ohms) equals electrical pressure 
(in volts) divided by current strength 
(in amps) or, 


OHMS=o; 

(Resistance Et flow), 

In the same way AMPS= Ope 
(Current =a ” 


VOLTS =Ohms x Amps 
(Pressure=resistance X current). 
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ORGANIC CHEMISTRY 


THE DISTILLATION OF COAL 


COAL was formed from the swampy forests of fern-like 

plants that flourished 280 million years ago. The 
remains of these forests became buried under layers of 
silt that pressed them into what we know as coal. There 
are different kinds of coal, depending on the amount of 
carbon present, ranging from peat, through lignite (brown 
coal) and bituminous (soft coal) to anthracite or hard 
coal which is almost pure carbon. 

Coal is a complicated mixture of chemicals, and con- 
_tains a high proportion of carbon, smal] amounts of 
hydrogen and oxygen and often a little nitrogen and 
sulphur. It is treated in several ways to obtain a wide 
variety of substances. 

When a piece of coal burns on the fire smoke rises from 
it. Smoke is extremely impure coal gas (a purified version 
we use for our household gas supply) and the flames of a 
fire are caused by its catching alight. When a substance 
burns it needs air. In the production of purified coal gas 
in gas-works coal is heated in the absence of air (i.e. in 
closed containers) so that the coal gas does not catch 
alight. The impure gas is treated to remove impurities 
and then stored in gasholders from which it is piped to 
our homes and factories. The coal, after heating, becomes 


Coal in 


RETORT 


moved by condensing them as liquids or by other means. 

Most of the carbon compounds obtained from oil are 
carbon chain compounds. The carbon compounds ob- 
tained from the coal tar produced as a by-product in the 
manufacture of coal gas are mostly rng compounds. In 
carbon chain compounds each molecule consists of long 
rows of carbon atoms each linked to its next-door neigh- 
bour and to each of which are linked hydrogen atoms. 
In carbon ring compounds the carbon atoms are linked 
to form closed rings. Each carbon ring contains six carbon 
atoms linked together. The simplest carbon ring com- 
pound is benzene. Its molecule consists of a ring of six 
carbon atoms to each of which is attached one hydrogen 
atom. A molecule of benzene, therefore, is made up of six 
carbon atoms and six hydrogen atoms and is called a 
benzene ring. 

Each carbon atom has four outer electrons that act as 
‘hooks’ for joining with other atoms (in fact, when atoms 
merge to form a molecule, they share their outermost 
electrons). If you draw a carbon ring (a ring of carbon 
atoms) and attach one hydrogen to each of them you will 
see that only three of the hooks (outer electrons) of each 
carbon atom are used up. The fourth outer electron is 


Ammonium 
Sulphate 
Fertilizer 

T. 


Tar, drugs, dyes, 
plastics, perfumes 


AMMONIA WASHERS 


out _ WATER GAS PLANT CONDENSERS 


SIMPLIFIED DIAGRAM OF COAL GAS AND TAR MANUFACTURE 


In the retort house 
coal is heated in 
large closed ovens 
or retorts. The coke 
produced is fed to 
the coke-grading 
plant after it has 
been cooled. 


To help meet excessive demands for gas, steam 
is passed over coke to produce water gas 
which is added to the coal gas supply. The 
crude coal gas is piped from the retort house 
to the condensers—sets of pipes which are 
cooled by cold water passing round them—in 
which tar and some ammonium impurities are 
condensed as liquids. 


In the ‘scrubber’ or ‘washer’ any remaining 


- ammonium impurities are washed out. Re- 


volving brushes in the washers have water 
continuously sprayed over them so that a 
constantly wetted surface is presented to the 
coal gas. This ensures that the removal of the 
ammonium impurities is efficient. They are 
used to produce sulphate of ammonia fertilizer. 


coke. From the impurities, which mainly include coal tar, 
light oil and ammonia, are derived drugs, dyes, explosives, 
perfumes, antiseptics, plastics and man-made textiles. 

The process during which coal gas is obtained from 
coal is called distillation. It may seem odd to talk of 
distilling coal, which is a solid, but, in the same way that 
two liquids in a mixture may be separated by boiling the 
mixture and condensing the vapours given off, the sub- 
stances in coal can be separated by heating it. Only the 
coal gas is wanted as a gas, the impurities in it are re- 
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shared between neighbouring atoms. This means that 
each carbon atom shares two electrons with the carbon 
atoms on one side of it and one with the carbon atom on 
the other side. The remaining outer electron is shared 
with a hydrogen atom, thus using up all four ‘hooks’ that 
each carbon atom has. 

Coal gas is manufactured from bituminous coal. This 
is treated in the following manner. First the coal is 
crushed and then it is baked to a high temperature in 
iron ovens called retorts. These are lined with fire-clay 


A MOLECULE OF 
ETHANE 
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A MOLECULE OF 
PROPANE 


THE PROPANE MOLECULE 
AS IT IS USUALLY WRITTEN 


Petrol 
Sulphur obtained is x 
used to make sulphuric 
acid 


PURIFIERS 


(white balls represent 
hydrogen atoms, black 
balls represent carbon 


NAPHTHALENE  BENZOLE RECOVERY PLANT DRYING PLANT 


9A MOLECULE 
OF BENZENE 
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GASHOLDER 


CONSUMER 


The gas, free from ammonium impurities, is 
then passed through purifiers, large boxes 
containing shelves packed with iron oxide. 


Sulphur impurities are removed when they 


combine with the iron oxide to convert it to 

iron sulphide. ; 
Any remaining naphthalene and benzole are 

extracted in a special recovery plant. 


Naphthalene is the base of many insecticides, 
chemicals used by farmers and others to com- 
bat insect pests. Benzole is refined and used 
in certain brands of petrol. As a raw material 
it is used to make explosives. The drying 
plant contains a solution of calcium chloride 
which removes any water vapour which 
might otherwise condense in the gas mains. 


The purified coal gas is stored in large gas- 
holders from which it is piped to the 
consumer. It consists largely of hydrogen 
(over 50%) and methane (over 30%), the 
remainder consisting of carbon dioxide, car- 
bon monoxide, nitrogen and ethylene. In 
Britain today nearly 600,000 million cubic feet 
of coal gas are produced each year. 


or silica brick. The hot, impure gases are led into con- 
densers in which a watery liquid and tiny droplets of tar 
condense out. Each condenser is a tall, steel chamber 
inside which are steel tubes. The gases are led through 
these tubes and a stream of cold water passes over them. 
The gases are cooled and a liquid coal tar and a watery 
liquid containing ammonia and ammonium salts condense 
out and are piped to an underground well. Nearly all the 
tar is removed at this stage but the gas still contains some 
impurities. 


It is piped into a ‘scrubber’ in which any remaining 
ammonia and ammonium salts are washed out. Inside the 
scrubber water is sprayed over brushes which revolve to 
keep the water on the move and so ensure that the gas is 
constantly wetted. The ammonia and the ammonium 
salts dissolve in the water which, from time to time, is 
piped to the well containing the liquid from the condensers. 

The gas is then passed into a purifier which is a chamber 
containing shelves packed with iron oxide. The gas is 
then passed over the iron oxide with which sulphur com- 
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PHENOL 
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oxygen atom) 
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pounds react. The iron oxide is con- 
verted to iron sulphide and so the 
sulphur impurities are removed from 
the gas. 

Any benzene or naphthalene which 
remains is removed by another wash- 
ing, this time with oil. The gas is then 
passed through a strong calcium 
chloride solution. This absorbs water 
and so dries the gas and thus prevents 
any condensation of water in the gas 
mains, before it is passed into the 
gasholder to be stored. 


go 


A MOLECULE OF 
NAPHTHALENE 


A ton of coal will yield on average 
12,000 cubic feet of gas, 12 gallons 
of coal tar and three gallons of light 
oil containing a large percentage of 
benzene. The ammonia collected is 
converted into ammonium sulphate 
fertilizer. 

Coal tar is the source of benzene, 
toluene, phenol, naphthalene, an- 
thracene and cresol. These substances 
may be separated from each other by 
distillation. The coal tar is placed ina 
container (still) and its temperature 
is raised gradually. The vapours given 
off are cooled and condensed. The 
different substances turn to vapour 
at different temperatures so that as 
the temperature rises separate frac- 
tions can be obtained each containing 
a limited number of the substances in 
the original coal tar mixture. 

First, a light oil is collected, then 
middle, heavy and green oils are 
collected in turn. (The residue in the 
still is called pitch). Each fraction is 
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THE ANTHRACENE MOLECULE 
AS IT IS USUALLY WRITTEN 


then distilled again so that the sub- 
stances that each contains are ob- 
tained in a fairly pure state. From the 
light oil benzene, toluene and xylene 
are obtained; from the middle oil — 
phenol and naphthalene; from the 
heavy oil— naphthalene and cresol; 
and from the green oil — anthracene. 

The substances obtained from coal 
tar are all compounds of carbon. 
They are of special interest because in 
most of them the carbon atoms in 
their molecules are linked together to 
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form rings. This is unlike carbon com- 
pounds obtained from crude oil 
(petroleum), such as ethylene, acety- 
lene, ethane and propane, in which 
the carbon atoms are arranged in 
chains. From benzene, whose mole- 
cule contains six carbon atoms in a 
ring and to each of which is attached 
a hydrogen atom (this is called a 
benzene ring), the other ring com- 
pounds can be derived. They consist 
of a benzene ring in which one or 
more of the hydrogen atoms have been 
replaced by another chemical group- 
ing. 

Phenol, as the diagram shows, has a 
very similar molecule to that of 
benzene. Another name for phenol is 
carbolic acid. At ordinary tempera- 
tures it is a colourless solid and is 
highly poisonous. It is used as an 
antiseptic, and in the manufacture of 
aspirin, dyes and plastics. 

Toluene too has a similar molecule 
to that of benzene (see diagram). It 
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is a colourless liquid. It is used in 
the manufacture of explosives (e.g. 
T.N.T.) and saccharin. 

Two or more benzene rings may be 
joined together to form substances 
with larger molecules than benzene, 
phenol or toluene. Naphthalene, for 
example, has a molecule made up of 
two benzene rings (see diagram) while 
a molecule of anthracene contains 
three benzene rings. Naphthalene is 
used as an insecticide (e.g. in making 
moth balls). 


INORGANIC CHEMISTRY | 


THE FAMILIES 
of NATURAL 
ELEMENTS 


‘THESE is always something about the 

appearance and ways of the members of 
one family that makes it easy to see they do 
belong to one family. The 92 basic kinds of 
natural material in the universe—elements— 
group themselves into eight families, plus 
three batches of ‘second cousins’. 


In each element family there are all sizes 
of atom from the smallest to the largest. 
But irrespective of size (and weight) all the 
members of one family behave in the same 
way, having a definite pattern of ‘social 
contacts’ with elements outside the family. 
All the elements in one regular family have 
the same number of outermost particles (see 
the outermost ring on each diagram). 


This reason for the similarities between 
a family of elements is pretty simple to follow 
now that it is known, though it caused a good 
deal of puzzlement even after the famous 
Russian scientist Mendeleef worked out 
what the families were, until Lord Ruther- 
ford explained the construction of atoms. 
The layout over these four pages shows the 
elements in an order called the Periodic 
Table starting: 

2. oa AS Ty eee 

10 II 12 13 I4 15 16 17 
and although there are exceptions (shown 
by blanks and the coloured bands) the family 
resemblance (number of outermost particles) 
recurs in the numbers that fall under each 
other. 


Every atom has at its ceritre a core or 
nucleus. It is a group of particles of two sorts. 
Some are Protons, these have a positive 
electrical charge. Some are Neutrons, these 
have no electrical charge, they are neutral. 

Around the nucleus and at some distance 
from it fly some much smaller particles. 
These are Electrons, each one has a negative 
electrical charge which exactly balances the 
positive charge on one proton in the nucleus. 
As every atom normally has exactly the same 
number of protons and electrons, the atom 
is held in balance. 


Atoms are listed in order of rank from the 
element with only one proton (Hydrogen) 
followed by Helium (with two protons) and 
so on upwards to 92. This order of rank 
(called Atomic Number) you can trace hori- 
zontally across this page and the three 
pages following. 


The families to which the elements belong 
are shown by the vertical columns. What 
decides this? 


Check the number of electrons in the 
outermost shell of the atoms of the green 
and gold family on the right. Every one of 
the elements has just ONE electron in its 
outer shell, 


First Family of Elements each 
with a COMPLETE outer shell 
of 8 electrons 


The — signs (electrons) in the different shells of one 
atom add up to the + number (e.g. Argon 18+) in 
the nucleus. 


THE INERT GASES 


HELIUM no. 2 element has 2 protons 


HELIUM 
ELECTRON SHELLS 
A shell = 2 electrons 


NEON 
ELECTRON 
SHELLS 


A shell = 2 electrons 
B shell = 8 electrons 
10 


NEON no. 10 element has 10 protons 


ARGON no. 18 element has |8 protons 


ARGON 
ELECTRON 


KRYPTON 
ELECTRON 
SHELLS 

A shell = 
B shell = 
C shell = | 
D shell = 


KRYPTON no. 36 element has 36 protons 
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XENON no. 54 element has 54 protons 


RADON 
ELECTRON 
SHELLS 
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RADON no. 86 element has 86 protons 


Second Family of Elements 
each with only ONE electron 


in the outer shell 


HYDROGEN 
ELECTRON 
(2) SHELLS 


A shell = | electron 


DROGEN no. | element has | 


LITHIUM 
ELECTRON 
SHELLS 
A= 2 
B= 


roton 


O: 


By 
LITHIUM no. 3 element has 3 protons 


SODIUM 
ELECTRON 


SODIUM no. |! element has |! protons 


as_19 protons 
2c. 


COPPER no. 29 element has 29 protons 


RUBIDIUM 
ELECTRON 
SHELLS 
A= 2 
= 8 
18 
8 
| 


moO 
new 


7 
RUBIDIUM no. 37 element 
has 37 protons 


SILVER - 

ELECTRON | 

SHELLS Pr 

A= 2 

B= 8 

C= 18 

D= 18 
SILVER pate 


no. 47 element 


Hin wed 


CAESIUM no. 55 elemen 
has 55 protons 


GOLD no. 79 
element has 79 


8 


18 
32 =f 
18 at A 


FRANCIUM no. 87 element has 87 protons 
gi 


Third Family of Elements each 
with TWO electrons in outer 
shell 


BERYLLIUM 
ELECTRON 
SHELLS 

A shell = 
B shell = 


Jalwn 


BERYLLIUM no. 4 element has 4 protons 


MAGNESIUM 
ELECTRON 
SHELLS 
Ashell= 2 
Bshell= 8 
Cshell= 2 
12 


MAGNESIUM no. |2 element has 12 protons 


CALCIUM 
ELECTRON 
SHELLS 

A shell = 
B shell = 
C shell = 
D shell = 


2 
8 
8 
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ZINC 
ELECTRON 
SHELLS 
Ashell = 2 
Bshell= 8 
C shell = 18 
Dshell= 2 


30 


STRONTIUM 
ELECTRON 
SHELLS 


STRONTIUM no. 38 element has 38. 
CADMIUM eo 


ELECTRON 
SHELLS 
A= 2 
B= 8 
C= 18 
D='18 
E= 2 


CADMIUM aS 
no. 48 element has 48 protons 


BARIUM 
ELECTRON 
SHELLS 
A= 2 
B 8 

18 

18 

8 
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BARIUM 7 
no. 56 element has 56 protons 


MERCURY 
ELECTRON 
SHELLS 
2 
8 
18 
32 
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MERCURY 
no. 80 element a 
has 80 protons 


RADIUM no. 88 element has 88 protons 
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Fourth Family of Elements 
each with THREE electrons in 


outer shell 


BORON 
ELECTRON 


SHELLS 
A shell = 
B shell = 


BORON no. 5 element has 5 protons 


lulor 


ALUMINIUM 
ELECTRON 
SHELLS 
Ashell = 2 
B shell= 8 
Cshell= 3 


13 


YTTRIUM 
ELECTRON 
SHELLS 
A= 2 
B= 8 
Cc=18 
O= 9 
ese 3 

39 


YTTRIUM no. 39 element has 39 protons 


INDIUM 

ELECTRON 
SHELLS 
A= 2 
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INDIUM no. 49 element has 49 protons 


THALLIUM 
ELECTRON 


ALUMINIUM no. 13 element has |3 protons 


Fifth Family of Elements each 
with FOUR electrons in outer 
shell 


CARBON 
ELECTRON 
SHELLS 
Ashell= 2 
Bshell= 4 
6 


CARBON no. 6 element has 6 protons 


SILICON 
ELECTRON 
2 SHELLS 
e Ashell= 2 
yy Bshell= 8 
Cshell= 4 


SILICON no. 14 element has 14 protons 


GERMANIUM 
ELECTRON 
SHELLS 

A= 2 
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GERMANIUM no. 32 element has 32 protons 
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aie ELEMENTS 39-46 (on this yellow 
Ki ae band) do not follow the regular 
fe pattern and add electrons in an inner 
C=18 shell and not the outer as can be seen. 
ay. They are not true ‘blood brothers’ of 
pees their families. 


40 ~=no. 40 element 


ZIRCONIUM has 40 protons 
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LEAD no. 82 element has 82 protons 


This is the secret of the relationship of 
elements. Electrons are arranged in batches 
like a set of Chinese boxes inside each other 
according to a set of rules, each batch is 
called a ‘shell’. The complete shells are 
shown against each element. 


But it is the odd electrons that are left 
over in the outermost shell that decide the 
element’s family. The green-and-gold 


Sixth Family of Elements each 
with FIVE electrons in outer 
shell 


NITROGEN 


ELECTRON _) 
SHELLS ° 
Ashell= 2 
* | Bshell= 5 © 
—_ ° 
7 


NITROGEN no. 7 element has 7 protons 


PHOSPHORUS Se 

ELECTRON ee 

SHELLS 

A shell = 2 

B shell= 8 be | Z 

Cshell= 5 e ° 
— mor 
15 6 


PHOSPHORUS no. |5 element has |5 protons 


VANADIUM 
ELECTRON 
SHELLS 
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ARSENIC 
ELECTRON 
SHELLS 

A shell = 
B shell = 
C shell = 
D shell = 


ARSENIC no. 33 element has 33 protons 


NIOBIUM 

ELECTRON 
SHELLS 
A shell 
B shell 
C shell 
D shell 
E shell 


Poon 


iu nn 


4\ 
NIOBIUM no. 41 element has 41 protons 


ANTIMONY 
ELECTRON 
SHELLS 

A shell = 

B shell= 8 
C shell = 18 
D shell 18 


- 


ELECTRON 


Bshell= 8 
~ Cshell = 18 

'. Dshell = 32 
bao E shell = 11 
F shell = 2 


TANTALUM ca 


BISMUTH 
ELECTRON 
SHELLS 
Ashell= 2 
Bshell= 8 
C shell = 18 
D shell = 32 
E shell = 18 
F shell= 5 
83 


BISMUTH no. 83 element has 83 protons 


Hydrogen-to-Francium family all have ONE 
electron. Other families all have TWO 
electrons over in the outermost shell (Beryl- 
lium-to-Radium), THREE (Boron-to-Acti- 
nium) and so on. Then the first family in 
column 1 has a full quota of electrons in its 
outermost shell, there are no odd electrons 
over to form an incomplete shell. 


This is important. The rule that decides 


Seventh Family of Elements 


each with SIX electrons in 
outer shell 
OXYGEN 7 
ELECTRON , S, 
LO SHELLS 
> smic: (CG) 
8 eF.0 


OXYGEN no. 8 element has 8 protons 


SULPHUR 
ELECTRON 
SHELLS 
Ashell= 2 
Bshell= 8 
Cshell= 6 


16 


SULPHUR no. 16 element has 16 protons 


CHROMIUM 
ELECTRON 
SHELLS 
A shell = 2 
Bshell= 8 
C shell = 13 
Dshell= | 
24 
CHROMIUM no. 24 element has 24 protons 
SELENIUM 
ELECTRON %o5 
SHELLS 6° “so 
Ashell= 2 e eH 
Bshell= 8 Cee ote 
C shell = 18 o 6 
Dshell= 6 - C*y 


34 Pees 


SELENIUM no. 34 element has 34 protons 


MOLYBDENUM 
ELECTRON 
SHELLS 

Ashell = 2 
Bshell= 8 

C shell = 18 

D shell = 13 

E shell= | 


TELLURIUM 
ELECTRON 
SHELLS 

A shell = 2 
B shell = 8 
C shell = 18 
D shell = 18 
E shell = 6 


TELLURIUM no. 52 element has 52 protons 
TUNGSTEN 
ELECTRON 
SHELLS 
Ashell = 2 
Bshell= 8 — 
C shell = 18 
D shell = 32 

- Eshell= 120 ; 

 Fshell= 2 no. 74 element 

74 has 74 protons 


POLONIUM 
ELECTRON 
SHELLS 
Ashell= 2 
B shell= 8 
C shell = 18 
D shell = 32 
E shell = 18 
F shell = 6 
84 


POLONIUM no. 84 element has 84 protons 
which elements will combine and how many 
atoms of each are needed to do so is simply 
a sum that adds up the electrons in the outer 
shells of the combining atoms to make a full 
quota 8. The combined atoms must have a 
complete shell of shared electrons to make a 
proper molecule of a new substance. The 
effect of this, which is the basis of all Chem- 
istry, is called Valency, on which there will 
be an article in the next issue of this magazine. 


Eighth Family of Elements each 
with SEVEN electrons in outer 
shell 


FLUORINE 3 
ELECTRON os 
SHELLS 
Ashell = 2 i] .-] 
B shell = 7 
= } 4 
BY “6 


FLUORINE no. 9 element has 9 protons 


CHLORINE s eo 
ELECTRON 5 ; 
SHELLS a 

A shell = 2 

B shell = 8 

Cshell= 7 


CHLORINE no. |7 element has I7 protons 


MANGANESE 
ELECTRON 
SHELLS 
Ashell= 2 
B shell= 8 
C shell = 13 
Dshell = 2 
25 
MANGANESE no. 25 element has 25 protons 
BROMINE 
ELECTRO 
SHELLS 
A shell = 2 
B shell= 8 
C shell = 18 
Dshell= 7 
35 


BROMINE no. 35 element has 35 protons 


TECHNETIUM 
ELECTRON 
SHELLS 
Ashell = 2 
B shell= 8 
C shell = 18 
D shell = 14 
E shell = | 
43 


TECHNETIUM no. 43 element has 43 protons 


IODINE 
ELECTRON 
SHELLS 
A shell = 
B shell= 8 
C shell = 18 
D shell = 18 
E shell = 7 
53 
IODINE no. 53 element 
NIU! 
ELECTRON 
SHELLS) _ 
Ashell= 2 
B shell = 8 hy 
C shell = 18 : 
- , aA INS 
F shell = 2 no. 75 element 


RHENIUM e 


has 75 protons 

ASTATINE 
ELECTRON 
SHELLS 
A shell = 2 
B shell = 8 
C shell = 18 
D shell = 32 
E shell = 18 
F shell = 7 

85 


ASTATINE no. 85 element has 85 protons 


Suggestion for scanning this chart of elements: 


Read across from left to right through pages 91, 92, 
93 and 94—the elements appear in their order of rank: 
the number of protons in the nucleus is the Atomic 
Number of the element. Each element can be checked 
that the total number of electrons in all shells equals 
the number of protons. Read downwards in columns, 
each element in a ‘family’ has the same number of 
electrons in its outermost shell. (There are some 
exceptions shown on the coloured bands.) 
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OVER PAGE 
FOR ELEMENTS 
26-28 


OVER PAGE 
FOR ELEMENTS 
44-46 


The pattern of arrangement of inner electron 


shells has no significance in elementary THE RARE EARTHS 


Chemistry, the outermost shell controls the 
joining ability’ (Valency) of the atom and Electron shell D changes 
is the important point. Succeeding articles on = aot 
Inorganic Chemistry will show how a family 
of elements all usually have related com- 
pounds and this Periodic Table can act as 
an introductory chart to the family groups 
of elements. 

There are three odd distortions of the 
regular patterns which cut across the 
families, as shown by the blue, yellow and 
green bands. The elements on these bands Eleceronahelist NS” cthadige ay 


are odd men out and not strictly members of ee a Bae —— 
the families. 


am - 


No. 60 NEODYMIUM 
Electron shells: 


Total 58. 


NOTE: In advanced text-books the electron 
shells are labelled K, L, M,N, etc., instead of 
A, B, C, D, etc. The reasons for this are 
largely historical and will be explained in a 
future article. 


o No. 26 IRON No. 27 COBALT No. 28 NICKEL 
Zz. 
=| No. 61 PROMETHIUM No, 62 SAMARIUM No. 63 EUROPIUM No. 64 GADOLINI 
Ze Electron shells: Electron Shells Electron shells: Electron shells: Li 
Fie A= 2; B=. 8;-C = 18; Ais23- 8 S286 = 18: A= 2;}B = 8; C= 18; 
oz7 O=23;—E = 8 F= 2. D=24,€ = 8 F = 2. O=2;FE= 8 F= 2 
Cue Total 62. Total 63. 
26 protons 27 protons 28 protons 
IRON COBALT NICKEL 
ELECTRON ELECTRON ELECTRON 
SHELLS SHELLS SHELLS 
= 2 A= 2 A= 2 
B= 8 B= 8 B= 8 
C= i4 C = 15 c=16 
D= 2 Dm 2 D= 2 
26 7 8 
No, 65 TERBIUM No. 66 DYSPROSIUM No. 67 HOLMI 7 
No. 44 RUTHENIUM No. 45 RHODIUM No. 46 PALLADIUM Electron shells: Electron shells Elecuen yer a Eien rele! 
rc) A= 2;8 = 8 C=18; A= 2;8 = 9;C = 18; A= 2;B = 8 C= 18; 
Zz D ‘= 27; E = 8;.F =. 2, O= 28; — = 8 F= 2. D=29;— = 8 F = 2. 
2 Total 65. Total 66. Total 67. 
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RUTHENIUM RHODIUM PALLADIUM 
ELECTRON ELECTRON ELECTRON 
SHELLS SHELLS SHELLS 
A= 2 A= 2 = 2 
B= 8 B= 8 B «ie 
c=i18 C= 18 c=18 . 
D=15 D= 16 D=18 x 
E= | E= | _— No, 69 THULIUM No. 70 YTTERBIUM No, 71 LUTETIUM No. 72 HAFNIUM 
— — 46 Electron shells: Electron shells: Electron shells: Electron shells: 
44 45 a A.s.23°B = 8; C = 18; A= 2;B = 8; C = 18; A= 2;B = 8; C = 18; A= 2;}B = 8 C= 18; 
- = O=31;—F = 8 F = 2. D = 32; E = ‘8; F = 2: D= 32; 6 = 9; Fo =) 2, D = 32; E = 10; F = 2. 
Total 69, Total 70. Total 71. Total 72. 
. No. 76 OSMIUM No. 77 IRIDIUM No. 78 PLATINUM 
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z 
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76 protons 77 protons 78 protons 
OSMIUM IRIDIUM PLATINUM 
ELECTRON ELECTRON ELECTRON 
SHELLS SHELLS SHELLS 
= 2 = 2 A= 
= 8 B= B= 8 
c= 18 C= 18 C=18 
D = 32 D = 32 D = 32 
E=14 E=I17 E=17 
F= 2 at Fm | 
-_ 77 _ 
76 —_ 78 = - ~ = . 
a Pe No, 89 ACTINIUM No. 90 THORIUM No. 91 PROTACTINIUM No. 92 URANIUM 
ryeiick reoge - ; —s re ir vg ep oe eras ee ns ve 
% _ = : . 2). B= 8356 = 18; A= 2;B = 8 C= 18; = 2;B = 8; C = j8; = 2B6B= 8 C=18; 
Different kinds of distortion bring three D= 32; 6 = 18; F = 9:  D= 32; E — 18: F = 10: D = 32; E =20:F = 9: D=32;E=21; F = 9; 
: G= 2. G= 2. G= 2. G= 2. 
other groups of elements into batches that Total 89. Tentis0. Toral 91. Total 92. 


are usually classed separately: 
The Rare Earths, elements 57 to 72. 
The Three Trios of Metals, elements 26, THE ARTIFICIAL ELEMENTS 
27, 28; 44, 45, 46; 76, 77 and 78. 


, 
The Actinide Series, elements 89 to 92. Elements with numbers 93 and above are not found in natural material, in fact they are artificially 
2 made by nuclear scientists. Descriptions of these processes are the subject of future articles on 
Elements number 83 and above are all Nuclear Physics. 
radioactive. 
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Louis Pasteur at work in his laboratory 
using his famous swan-necked flasks. 


| FAMOUS SCIENTISTS 


PASTEUR - Enemy of Disease 


HAT happens when food goes bad? The French 

scientist Louis Pasteur (1822-1895) studied the 
problem and noticed several interesting things. Many 
foods decay when left exposed to air. If they are boiled, 
however, and sealed against the air they remain fresh. 
If they are boiled but left in air they eventually go bad. 
From this he was led to believe that something carried 
in the air was causing the damage—bacteria. Bacteria 
are tiny living organisms found everywhere we go—in 
the air, in water, in our bodies and so on. They are 
carried about in the air currents, for example, but cannot 
otherwise propel themselves along in air. 

Pasteur’s famous experiments on what is called ‘ putri- 
faction’ (decay), showed that bacteria were largely 
responsible. He filled the swan-necked flasks (shown in 
the picture) with broth, a kind of soup, and then heated 
it. This stopped all decay. Because no current of air 
entered through the neck the bacteria in the outside air 
were not carried to the broth. When Pasteur broke off 
the neck of the flask, however, its contents immediately 
began to go bad. The bacteria in the air could easily 
enter the flask and begin to act on the broth. 


The most straightforward way to stop food from 
decaying and to keep it safe for human consumption is to 
heat it. Pasteur developed this method, important in its 
application to milk. The well-known process called 
pasteurisation (to be described in a future issue) was later 
named in honour of Louis Pasteur. 


In later experiments Pasteur noted that, just as fermen- 
tation is caused by certain living organisms, so many 
diseases also depend on the presence of their own par- 
ticular germs. In 1880, while investigating fowl cholera, 
he discovered that he could render birds immune to the 
disease by inoculating them with a weakened germ. 


Five years later, in 1885, Pasteur’s method of inoculat- 
ing found its greatest test. He had been investigating the 
disease called hydrophobia, which is given to man by 
the bite of a mad dog. At this time a young boy called 
Joseph Meister came to Paris, where Pasteur was working, 
covered in bites from such a dog. Had he not been treated 
Meister would certainly have died. Pasteur used his 
method of inoculation on the boy (the first time he had 
used it on man) and Meister recovered completely. 
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| HEAT PHYSICS | 


Absolute Zero 


VERY substance contains a cer- 
tain amount of heat—even ice. 
This simply means that the molecules 
of any substance (the smallest possible 
parts of that substance) are constantly 
in motion. When a substance is heated 
its molecules are given the energy to 
move faster. The hotter the substance 
the faster its molecules move, and 
the cooler the substance the slower 
its molecules move. If you continue 
this cooling idea there must come a 
point where there is no heat and 
where all molecule movement abso- 
lutely ceases. This point is known as 
absolute zero, for it is obviously the 
lowest temperature thatcan beattained 
since temperature is a measurement 
of the degree of heat. On the centi- 
grade scale absolute zero is 273°16 
degrees below the freezing point of 
water (—273°16°C, usually rounded 
off to —273°C.). 
Since absolute zero is a temperature 
which has never quite been reached 


practice no gas is quite perfect in this 
respect but hydrogen and helium are 
almost so and their small irregularities 
can be allowed for. So, by plotting the 
pressure of a gas at various tempera- 
tures on a graph it is possible to 
draw a straight line joining these 
points which will represent pressure 
increase or decrease with tempera- 
ture changes. As pressure decreases 
with falling temperature the line 
slopes down towards lower tempera- 
tures and it is found that the point of 
no pressure corresponds to a tem- 
perature of —273°C. Since there can 
be no pressure less than zero, it 
follows that there can be no tem- 
perature less than —273°C. Before 
this point is reached, however, even 
helium and hydrogen will have 
changed from a gas, through a liquid 
to a solid. 

Although absolute zero has never 
quite been reached scientists have 
got to within a few thousandths of 


it may seem strange that scientists 
are so certain that it is —273°C. The 
answer is that this temperature can 
be calculated through the behaviour 
of gases in relation to heat. A gas 
expands at a fixed rate when heated. 
If it is not allowed to expand, the 
pressure will increase at a fixed rate, 
or at least it should do in theory. In 


a degree of it. These very low 
temperatures have been obtained by 
using the extraordinary fact that 
certain substances become warmer 
when placed in the field of a magnet 
and cool down again when taken out 
of it. In these experiments crystals of 
alum are placed in the field of a 
powerful magnet and cooled with 
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The lowest temperatures have been reached 
by cooling a salt (alum) with the aid of 
liquid helium while it is in a magnetic 
field. When the magnetic field ts switched 
off, the, salt, already extremely cold, cools 
still further. The jacket of liquid hydrogen 
helps to keep the whole apparatus cold. 


gaseous and liquid helium to a tem- 
perature about one degree above 
absolute zero. Then the magnetic 
field is switched off, the alum becomes 
demagnetized and cools still further. 

There is a scale of temperature 
based upon the idea of absolute zero, 
called the absolute or Kelvin scale 
(Lord Kelvin was the first to define 
such a scale). The degrees used in 
the absolute scale are the same as 
those used in the centigrade scale. 
But since this scale begins at absolute 
zero (o°A or o°K) the freezing 
point of water (0°C ) becomes 273°A. 
and the boiling point of water (100°C) 
becomes 373°A. Thus to convert any 
temperature from degrees centigrade 
to degrees absolute we simply add 
273 degrees. 


One of the strange low-temperature effects 
may be seen by dipping a flower into liquid 
air, It becomes so brittle that a tap from a 
hammer shatters it into pieces. 


DYNAMICS 


The Third Law of Motion 


‘To every action there is an equal and opposite reaction’ 


HE third law of motion, put 

forward by the English mathema- 
tician Isaac Newton nearly three 
hundred years ago, considers the way 
forces act against each other. When 
you hold a matchbox on the palm of 
your hand, for example, the box 
presses down on the hand just as 
much as the hand presses up against 
the box. Every time a force is exerted, in 
fact, it is balanced by a force exactly equal 
to it in the opposite direction. 

A simple way to show the working 
of this law is to fasten the hooks of 
two spring balances together. When 
the ends of the balances are pulled 
apart, both of them register the same 
pull (e.g. 5 lb.) and the springs are 
pulled out in opposite directions. 
Exactly the same effect occurs if one 
of the balances is fixed to the wall 
and the end of the other is pulled. 
Both will record equal and opposite 
forces. 

Clear examples of equal and oppo- 


site forces are not hard to find. A 
spectacular one occurs in the rocket, 
where gases produced in the com- 
bustion-chamber push outwards with 
equal force in all directions. If the 
chamber were completely closed the 
rocket would not move. But as there is 
an opening at the rear, the gases can- 
not exert a force in that direction. 
Therefore the forces pushing on the 
front of the chamber are able to thrust 
the rocket forward. 

A more homely example is the boat 
which slides away from the bank as 
the rower steps forward from it on 
to land. The backward thrust of the 
man’s foot against the boat produces 
the equal and opposite force which 
enables him to land on the bank. 
That the foot does push backwards 
is shown by the fact that the boat 
moves away. 

Newton’s first two laws of motion 
have been described in previous 
issues. 


The forward thrust of a jet engine is possible because the gases are allowed to escape 


from the rear just as in the rocket. 


The spring balances record the equal and opposite forces (a) when both ends are pulled 
and (b) when only one end is-pulled and the other fixed. 


The escape of gases at the rear of the com- 
bustion-chamber enables the gases pushing 
against the forward end to lift the rocket. 


97 


MEDICINE 


DISEASE-CAUSING ORGANISMS 


It was not until the 19th century 
that the great French scientist Louis 
Pasteur showed that many diseases 
were caused by minute organisms 
called bacteria. He also discovered 
ways of adding to the body’s natural 
resistance. 

Before Pasteur’s work no protective 
measures were known against many 
diseases. Many great plagues swept 
across the Earth. During the Great 
Plague of 1665 in London it is esti- 
mated that over one hundred 
thousand people died out of the 
population of under half a million. 
In the Black Death of the 14th 
century about twenty five million 
Europeans died; a quarter of the 
population. 

What is disease ? 
Any disorder or unhealthy condi- 


tion of the body is called a disease. 
Most of the diseases which affect us 
are caused by bacteria (tiny single- 
celled plants), viruses and protozoans 
(single-celled animals). Some, how- 
ever, are caused by fungi and worms 
(e.g. tapeworms and hookworms). 
Bacteria 

Well over a thousand different 
kinds of bacteria are known. Relative- 
ly few cause disease but some of the 
diseases can be dangerous to life. The 
smallest bacteria are but 1/25,000 
inch in diameter. 
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According to their shape, bacteria 
may be divided roughly into three 
groups; rod-shaped forms (bacilli), 
spherical forms (cocci), and curved 
or spiral forms (spirilli). Cocci may 
occur in groups like bunches of 
grapes, or in chains, when they are 
called staphylococci and streptococci 
respectively. Similarly bacilli may 
form chains called streptobacilli. 

Disease - producing bacteria are 
called pathogens. Pathogens are 
responsible for many diseases of man. 
The injurious effect of pathogenic 
bacteria on the body tissue is due to 
the chemical substances they release 
during their growth or on their 
breakdown after they die. These 
substances are called toxins and are 
generally characteristic of a given 
type of bacterium producing a char- 
acteristic disease. The tubercle bacil- 
lus for example, gives rise to tuber- 
culosis and never to diphtheria or 
anthrax: the typhoid bacillus produces 
typhoid or enteric fever. However, 
some diseases, such as pneumonia and 
meningitis, may be produced by a 
number of different organisms. 

Pathogens may enter the body 
through wounds in the skin, by being 
breathed in (after being sneezed or 
coughed out by some other infected 
person), in food, milk, or water, or 
via insects. Tetanus, for example, is 
brought about by the entrance of the 
tetanus bacterium in dirt through 
wounds; diphtheria, scarlet fever and 
measles may be breathed in, especially 
in poorly ventilated places; dysentery 
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and enteric fever are caught by eating 
the unclean foodstuffs containing the 
bacteria causing these diseases; whilst 
insects, such as fleas, carry and pass 
on the plague bacillus. 

Even when pathogenic bacteria 
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have entered the body they may not 
be able to multiply and cause disease. 
They must first overcome the natural 
defences of the body tissues. Some 
forms are better able to do this than 
others. A few manage to exist without 
multiplying. Such is a diplococcus 
(see illustration) which, when est- 
ablished, causes pneumonia in the 
lungs but is carried about by many 
people in the nose and throat without 
causing the disease. Persons who are 


resistant to bacteria in this way are 
called carriers since they are a source 
of infection to others who may have 
lower resistance. 
Viruses 

Viruses are responsible for many 
diseases such as poliomyelitis, small- 
pox, influenza, yellow fever, chicken- 
pox, mumps and measles. The largest 
are only 1/80,000 inch in diameter 
and the smallest 1/2,500,000 inch in 
diameter. They appear to be on the 
border-line between living and non- 
living things. The simplest appear to 
be very like crystals; in fact they are 
single, but complicated molecules, 
yet they can absorb other substances, 
grow and reproduce by splitting in a 
way which is not fully understood at 
present. When a virus multiplies 
within a cell it may cause the death 


Some Diseases Due to Viruses 


Yellow Fever 
Poliomyelitis (polio) 
Hydrophobia (rabies) 
Chickenpox 


Influenza 
Measles 


Mumps 
Smallpox 


of the cell. It appears that in some 
cases the virus inserts itself in the 
natural workings of the cell using 
them to manufacture more of itself. 
Some viruses seem to produce ill 
effects in a certain type of tissue only. 
The viruses which cause poliomyelitis 
and rabies, for example, attack nerve 
cells. Those that cause influenza and 
the common cold affect cells in the 
breathing system. 

Viruses can only grow and multiply 
in the living cells of an animal (or 
plant). They depend for their survival 
upon being passed on from one living 
thing to another. They may be 


carried in the air from one person to 
another during normal breathing out, 
coughing or sneezing. The yellow 
fever virus is carried by a certain kind 
of mosquito and passed on to humans 
when they are bitten by the mosquito. 
Viruses nearly always gain entry 
through the skin (particularly through 
cuts) or through the wet lining of the 
mouth and throat. 


Protozoans 

Several single-celled animals (pro- 
tozoans) cause diseases in humans. 
One, a relative of Amoeba called 
Entamoeba, causes dysentery, an infec- 
tion of the bowel wall. Another, a 
trypanosome, causes sleeping sickness. 
This protozoan is carried by the 
tsetse fly and is passed on to a human 
host when the fly pierces the human 
skin to suck up the blood on which 
it feeds. The same protozoan is also 
able to live in game animals but it 
appears to have no ill effects on them. 
This clearly shows that disease-causing 
organisms often produce the disease 
in one kind of animal only. 

Perhaps the best known of the 
disease-causing protozoans is_ the 
malaria parasite (Plasmodium) which 
causes malaria. This organism spends 
part of its life in a certain mosquito. 
A human is infected when he is bitten 
by this mosquito. 

Worms 
Many kinds of worms cause diseases 


The Siiile erica mosquito punc- 
tures the human skin and pierces a blood 
vessel in order to suck up the blood on which 
it feeds. In doing so the tiny malarial 
parasites are passed from the mosquito 
into the human bloodstream. In the human 
body they cause malaria. 


in man. These fall into three main 
groups, flukes, tapeworms and round- 
worms. Some have extremely compli- 
cated life cycles affecting two or three 
different animals (each called a host). 
The Chinese liver fluke, for example, 
lives in snails and fishes at different 
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Entamoeba, a relative of Amoeba, lives 
in the human intestine feeding on the 
lining cells, and often causes dysentery. 
One kind of trypanosome which causes 
sleeping sickness 1s carried by the tsetse 
jly which passes it on to a human host 
when the fly bites the skin. 
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The life history of 
a blood fluke 


It infects man 


periods in its life-cycle. 
when he eats raw fish, as is a common 
practice in parts of China and Japan, 
and finds its way to the liver where it 
feeds on blood. Another fluke, a 
blood fluke or schistosoma, has only 
one host, apart from man, a fresh 
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water snail. The adult female fluke 
lays her eggs in the blood vessels of 
the human intestine. The eggs pass 
to the outside world in the faeces. If 
they reach water they hatch as small 
larvae which swim about in the water 
until a snail is encountered. Inside 


the snail they feed on the body tissues 


and each is changed into a sac (called 
a sporocyst). From each sporocyst 
many larvae of another type emerge. 


They leave the snail and swarm in 
the water. If they come into contact 
with the bare skin of a person who is 
washing or bathing in water infected 
by them they bore through the skin 
until they reach a blood vessel. They 
are then carried to the intestine where 
they grow into adult flukes. The 
disease produced (called schistosomia- 
sis) is very common in China and in 
Egypt. It weakens the body consider- 
ably after a time and so may itself 
cause death or leaves the body very 
susceptible to other diseases. In Japan 
and China the disease is easily ob- 
tained when the rice is being planted 
for the planters stand barelegged in 
the waterlogged paddy fields which 
are fertilized with human faeces. 
Several adult tapeworms infect 
man. One has the pig as its other 
host, another infects cattle and a 
third infects fish, A human may 
become infected when he eats raw 
or undercooked pork, beef or fish. 
Fortunately, only a few of the 
roundworms which infect man cause 
serious diseases. One is a tiny hook- 
worm about three eighths of an inch 
long called Necator. The adult lives 
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The life history of the Chinese liver fluke 


in the intestine hanging on to the 
lining with its mouth and sucking 
blood. The eggs laid are passed out 
in the faeces and, where sanitary 
conditions are poor, fall onto the soil. 
They hatch into larvae which grow 
and feed in the soil until they reach 
a certain size. If they come into 
contact with bare skin they are able 
to burrow through the flesh passing 
by the blood vessels or other channels 
to the lungs. From here they find 
their way up the windpipe into the 
mouth and are swallowed into the 
stomach, then passing into the in- 
testine. Hookworm disease is common 
in many tropical and _ sub-tropical 
countries. Individuals become lazy 
and lifeless and children are often 
mentally backward. 

Trichina worm, one of the most 
harmful worms, is less than an eighth 
of an inch long. The adults live in the 
intestine for a while and the female 
bores through the intestine wall into 
tiny channels called lymph vessels. 
The young worms are born here and 
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lymph and the blood. Eventually 
they invade the muscles, where they 
increase rapidly in size before they 
form a protective wall round them- 
selves. Unless the flesh of the host is 
eaten the worms eventually die. 
Humans usually become infected by 
eating undercooked pork. The larvae 
cause great damage and pain by 
burrowing into the muscles and many 
die from the disease which is called 
trichinosis. 

One other roundworm of tremend- 
ous importance is the Filaria worm. 
The adult Filarias live in the lymph 
channels blocking these and causing 
great swelling of the affected part— 
a condition called elephantiasis. The 
worm is spread by mosquitos which 
suck up the young larvae from the 
blood vessels and pass them on when 
they bite another person. 

Fungi 

Diseases caused by fungi are not 
very common in man. Ringworm is a 
disease of the skin which is so called 
because it is often characterised by 
ring-shaped wounds. It may affect 
the hair. 

Pasteur and Immunity 

Besides revealing that certain bac- 
teria were responsible for diseases 
Pasteur also discovered that the body’s 
natural resistance (immunity) to a 
disease could be increased by inocula- 
tion; that is injecting weakened or 
killed bacteria into the body to 
produce a mild form of the serious 
disease which the active organisms 
could cause. The body produces sub- 
stances called antibodies which cir- 
culate in the bloodstream and attack 
the weakened organisms. The level of 
antibodies is raised so that when the 
serious disease is encountered the 
body is more immune to it. 


N electric current is a flow of 

electricity carried by electrons, the 
minute particles which make up the 
outermost parts of atoms. Since atoms 
with less than their share of electrons 
attract electrons from other atoms, 
an electric current (a flow of elec- 
tricity) can be produced in a wire 
by ensuring that the atoms at one 
end are short of electrons while the 
atoms at the other end have a surplus. 


If a number of lamp bulbs are connected 
to a battery in such a way that the electrons 
can flow through each bulb by a separate 
route they are said to be connected in 
parallel. 


The opposition offered by a sub- 
stance to the flow of electricity 
through it is called resistance. Every 
substance has its own resistance, the 
amount depending basically upon 
how tightly the electrons are held to 
the atoms. A good conductor of elec- 
tricity, such as copper, has a low 
resistance because some of the elec- 
trons are held only loosely to atoms, 
but in a poor conductor of elec- 
tricity (an insulator), such as rubber, 
all of the electrons are held very 
tightly to atoms and the resistance is 
very high indeed. 

If a number of lamp bulbs (or any 
other pieces of electrical apparatus) 
are connected to a battery in such a 
way that the electrons can flow 
through each bulb by a separate route 
they are said to be connected in 
parallel. They are in fact on separate 
circuits which have parallel routes 
out from the positive terminal and 
back to the negative terminal. Since 
each of the bulbs offers a certain 
amount of resistance to the flow of 
electricity, the total resistance of, 
say, three bulbs connected in parallel 


Resistances 


might be expected to amount to three 
times the resistance of any one of 
them. But in fact it is only one-third 
the resistance of any one of them. 
The reason for this is that the electrons 
do not have to pass through each 
bulb in turn; they are offered three 
alternative paths. Providing each bulb 
has a similar resistance, each ‘path’ 
will carry a similar current, just as 
three pipes of a similar size can carry 
equal amounts of water. And just as 
three pipes will allow three times as 
much water to pass from one point 
to another as one pipe of a similar 
size, so three wires, offering exactly 
the same resistance to the flow of 
electricity, will allow three times the 
current to pass from one point to 
another as a single wire. If the 
electrical ‘pressure’ which makes a 
current flow remains the same and 
the current trebles then the resistance 
must be a third of what it was, since 
the relationship between these three 
(electrical pressure, current strength 
and resistance) is always constant. 
So, if the three bulbs each had a 
resistance of 18 ohms, then the total 
resistance would be 18 ohms divided 
by three=6 ohms. And if six bulbs 
were connected in parallel the total 
resistance would be only three ohms 
(18 ohms —6). 

A problem arises when the objects 
connected in parallel have different 
resistances. Two pipes, one larger 
than the other, will allow more water 
to pass from one point to another 
than either pipe alone but they will 
not carry equal amounts of water. In 


Resistances in Parallel 


in Parallel 


a similar way, three objects connected 
in parallel, each having a different 
resistance, will allow more electricity 
to pass from one point to another 
than any one of them alone. But they 
will not allow three times the amount 
of electricity to pass as one would 
by itself. In other words, the total 
resistance of these three objects con- 
nected in parallel is not one-third the 
resistance of any one of them. But 
it is not difficult to work out the 
overall resistance. 

Ohm’s law (put forward by Georg 
Ohm, a Bavarian schoolmaster, in 
1826) is based upon the fact that the 
ratio of electrical pressure (in volts) 
to current strength (in amps) pro- 
duces a constant which is the resis- 
tance (in ohms). In one of its various 
forms, Ohm’s law states that current 
strength equals electrical pressure 
divided by resistance, or I=V/R, 
where I represents current strength 
(in amps), V electrical pressure (in 
volts) and R resistance (in ohms). 
Since the total current in a parallel 
circuit equals the sum of the currents 
passing through each _ separate 
‘bcanch’, then R (t=total), which 
p t 
equals the total current (I), equals 
are eee 
RT RR 
rents passing through each branch). 
The electrical pressure is the same 
in all parts of a parallel circuit, 
so both sides of the equation can be 
divided by V. This leaves :— 


(the sum of the cur- 
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ATOMIC CHEMISTRY 
the givers and takers 


VALENCY 


HEN atoms merge together to form molecules they do 

so according to very definite recipes. For example 
when hydrogen combines with chlorine each chlorine atom 
merges with one hydrogen atom, never two or three but 
always one. The resulting merged pair of atoms is a mole- 
cule of hydrogen chloride (hydrochloric acid gas). When 
hydrogen combines with oxygen to form water it always 
does so in the ratio of two hydrogen atoms to one oxygen 
atom. When hydrogen combines with nitrogen to form 
ammonia it always does so in the ratio of three hydrogen 
atoms to one nitrogen atom. And when hydrogen com- 
bines with carbon to form methane (marsh gas) it always 
does so in the ratio of four hydrogen atoms to one carbon 


HYDROGEN 


WATER 
CHLORIDE AMMONIA METHANE 
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Carbon atom 
joins FOUR 
hydrogen atoms 


Chlorine atom Oxygen atom Nitrogen atom 
joins ONE joins TWO joins THREE 
hydrogen atom hydrogen atoms hydrogen atoms 


atom. So the atoms of different elements combine with 
different numbers of hydrogen atoms. The number of 
hydrogen atoms which one atom of an element will com- 
bine with is known as the valency of the element. In the 
examples quoted above chlorine has a valency of one since 


Nitrogen has a valency of three. This means that it will join 
with three hydrogen atoms, never two or four but always three. 


Using models to show the combination of nitrogen with hydrogen. 
Because three hydrogen atoms (white balls) always join to each 
nitrogen atom (blue ball) it ts impossible to share the ten white 
balls among the six blue ones. 


below, Therefore the basic unit of valency is one electron. 
Hydrogen is the simplest element, it has only one electron. 
This is one reason why valency is called “‘the number of 
hydrogen atoms that will join with one atom of the element 
in question”’. 

To understand why an atom has a definite valency or 
“capacity for combining”, we must examine the ways in 
which atoms merge together. Each atom consists of a 
fairly massive central nucleus that is positively charged 
with electricity. Outside the nucleus are a number of tiny 


The coloured spheres represent the whole inner part of each atom, i.e. the nucleus and all the inner electron shells. 
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Argon has EIGHT electrons in outer 
shell. It already has a complete outer 
shell. Its valency therefore is ZERO. 
Other examples: neon, krypton, 
xenon. 


See 


Chlorine has SEVEN electrons in 
outer shell. It gets complete shell by 
gaining one electron. Its valency is 
therefore ONE. Other examples: 
bromine, fluorine, iodine. 
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Sulphur has SIX electrons in outer 
shell. It gets complete shell by sharing 
two electrons. Its valency is therefore 
TWO. Other examples: oxygen, 
selenium, tellurium. 


Phosphorus has FIVE electrons in 
outer shell. It gets complete shell by 
sharing three electrons. Its valency is 
therefore THREE. Other examples: 
antimony, arsenic, bismuth, nitrogen. 


one atom of chlorine combines with one atom of hydrogen. 
Oxygen has a valency of two since one atom of oxygen 
combines with two atoms of hydrogen. Nitrogen has a 
valency of three since one atom of nitrogen combines with 
three atoms of hydrogen. Carbon has a valency of four 
since one atom of carbon combines with four atoms of 
hydrogen. 

An atom having a valency of one can only join with 
another atom of valency one. An atom having a valency of 
two can either join with another atom of valency two, or 
it can join with two atoms of valency one. 

The joining power of one atom of an element is simply the 
number of electrons it can lose or gain, as is explained 
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particles called electrons negatively charged with elec- 
tricity. These move at high speed round and round the 
nucleus and their orbits lie in a series of “‘shells’’. The 
electrons in the outermost shell are the ones which take part 
in the merging of atoms. 

The outermost shell can hold no more than eight elec- 
trons. Atoms which have a full outer shell of eight 
electrons (and the very simple atoms with a single shell of 
two electrons) are particularly stable and not easily 
changed. Neon, argon, krypton and xenon, known as the 
inert gases because they are totally unreactive, all have 
full outer shells of eight electrons to their atoms. Atoms 
which do not have full outer shells tend to combine together, 


if by so doing they acquire full outer shells. Atoms can 
acquire full outer shells by gaining electrons from other 
atoms, or by giving electrons to other atoms, or by sharing 
electrons with other atoms. 

Some atoms have more than one valency. This is partly 
due to electrons in the inner shells, and the reason for it 
will be explained in a later article. 

A chlorine atom has seven electrons in its outer shell. 
It therefore needs an extra electron to give it a complete 
outer shell. A pair of chlorine atoms can gain complete 
outer shells by sharing electrons. Two electrons, one from 
each of the atoms, form a pair which orbit around both of 
the atoms binding them securely together. This type of 
merging is called a covalency and the atoms are said to be 
joined by a covalent bond. Chlorine gas is in fact made up 
of molecules, or pairs of atoms merged together, and not 
individual atoms as might be expected. 

The other important type of combination is called an 
electrovalency and the atoms are said to be joined by an 
electrovalent or ionic bond. Sodium chloride (common salt), 
is a familiar example of substance held together by ionic 
bonds. It contains chlorine atoms (each of which has 
seven electrons in its outer shell) and sodium atoms (each 
of which has one electron in its outer shell). A sodium 
atom can acquire a complete shell of eight electrons by 
losing its single outer electron. But when it has lost a 
negatively charged electron the positive charge on the 


Atoms with 4 outer electrons find it equally difficult to lose | 
or gain enough electrons to give them a complete outer _ 
shell. Such atoms always join by sharing electrons. 
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Silicon has FOUR electrons in outer 
shell. It gets a complete shell by 
sharing four electrons. Its valency is 
therefore FOUR. 

Other examples: carbon, tin. 


Aluminium has THREE electrons in 
outer shell. It gets a complete outer 
shell by losing three electrons. Its 
valency is therefore THREE. Other 
examples: boron, gallium, indium. 


nucleus will be greater than the negative charges carried 
by the remaining electrons and the atom as a whole will 
be positively charged. The charged sodium atom is called 
a positive ion. A chlorine atom can acquire a complete 
shell of eight electrons by gaining one extra. But the 
extra electron makes the atom as a whole negatively 
charged. The charged chlorine atom is called a negative 


Valency may be defined as the number of 
hydrogen atoms that one atom of a sub- 
stance will combine with. Hydrogen is 
chosen because it is the simplest of all 
atoms, a single electron orbiting round a 
proton. 


CHLORINE 


CHLORINE ~ 
ATOM OM p 


A covalent bond 1s formed when atoms share a pair of electrons, 
so that both atoms acquire complete outer shells. 


An electrovalent bond is formed 
when one atom gives an electron 
to another. In this example sodium 
gives its single outer electron to 
chlorine which needs one electron 
to cumplete its outer shell. An 
electrovalent substance such as 
common salt (right) has no true 
molecules. It is just a mass of 
sodium ions embedded in an equal 
number of chlorine ions as shown. 


Magnesium has TWO electrons in 
outer shell. It gets a complete outer 
shell by losing two electrons. Its valency 
is therefore TWO. Other example: 
barium. 


Sodium has ONE electron in outer 
shell. It gets a complete outer shell 
by losing one electron. Its valency is 
therefore ONE. Other examples: 
copper, gold, lithium, potassium. 


ton. On balance we can say that the sodium ion has 
given one electron to the chlorine ion. The ions are held 
together by the natural force of attraction existing between 
unlike charges. We should not think of the sodium ion 
and the chlorine ion as forming a true molecule, for 
they are not fixed in pairs, as was the case in the molecule 
of chlorine described earlier. 

An atom with a full outer shell of electrons has a 
valency of zero. An atom with one electron in its outer 
shell has a valency of one: so has an atom with one elec- 
tron short of a full outer shell. An atom with two electrons 
in its outer shell or two electrons short of a full outer 
shell has a valency of two. 
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HYDRO-ELECTRIC 


DAMS 


VER a third of the electricity produced in the world 
today comes from water power. Because no fuel is 
needed, using the vast energy released by the pressure of 
water is the cheapest of all methods of producing 
electricity. 

The chief requirement of a hydro-electric plant is a 
large supply of water. (Hydro is derived from a Greek 
word meaning ‘water’.) The water should be at consider- 
able pressure, this usually being achieved by constructing 
a dam. A dam is basically a wall erected across a river 
in a narrow valley so that the water flowing downstream 
builds up against it to form a lake or reservoir. The water 
level on the reservoir side is thus made considerably 
higher than on the other side. The hydro dam uses the 
pressures created deep in the water to drive a generator 
producing electricity. It does this by the use of a turbine, 
of which the Pelton wheel illustrated is one example. 


Pressure and the Design of Dams 

Pressures increase with depth. This can be demonstrated 
quite easily with a tin of water with holes cut in at 
different heights. Water squirts much further and under 
greater pressure from the bottom holes than from the top 
ones. This fact is important to engineers concerned with 
the building of dams. Assuming the dam wall is vertical 
and the same thickness throughout, the greater pressures 
of water on the lower part will tend to make it collapse. 
If the whole of the dam is made thick enough to withstand 
these pressures there would be a great waste of materials. 
One answer to this (in the gravity dam) is to make the 
dam much thicker at the bottom than at the top. 

The arch dam, where the structure is curved towards 
the pressure of the water in the reservoir, uses a rather 
different principle. It has been found that the strongest 
surface shape is the outside of the arc of a circle because 
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Water pressure 1s greater the further from the surface it is. 
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Diagram of a simple turbine, the Pelton wheel, showing how the 
pressure of the water from the reservoir behind a dam pushes 
against the buckets. These are mounted around the wheel, the 
hollow parts facing the flow of water. As the buckets are pushed 
round they turn a central shaft connected to an electric generator. 


the stresses are passed along the whole of the surface. 
By arching the dam and tilting the top towards the 
reservoir, the pressures are spread throughout the dam and 
along to the supports at either end of it. It is often much 
easier to build a comparatively thin dam with good 
supports on the river banks because less concrete and 
other materials are required. 


The Turbine 

Water built up behind the dam is let through pipes at 
the bottom to the hydro-electric plant. The depth 
pressures described give it an enormous amount: of force. 
The water is fed into a turbine such as the Pelton wheel 
shown above. It presses against the blades of a turbine 
wheel, making it spin rapidly on its shaft. This shaft 


(Left) Thus the water in a can spurts out further Srom the bottom than 
from the top. (Centre) Because of the increase of pressure with depth a dam may be made thicker at the bottom to withstand it. (Right) 
Alternatively it may be curved and tits top slanted towards the reservoir to spread the load. 


is connected to the generator, pro- 
ducing an electrical current. The 
electricity can then be fed by cables 
to where it is required. 

Dams can be built across river 
mouths to form reservoirs filled by 
the sea at every high tide. Because 
salt water is denser than fresh water 
the pressures at the bottom of the dam 
are greater. This has the effect of 
making the turbine more efficient 
with salt water than with fresh 
water. 


A cut-away view of a hydro-electric dam. 
The water at the bottom of the dam, at 
great pressure, 1s fed to the turbine. There 
it transfers much of the energy to the blades 
of the revolving turbine wheel. The turbine 
shaft is connected to the generator, pro- 
ducing electricity. The water, having passed 
from the turbine,is fed back into the river 
below the dam (which is at a much lower 
level than the reservoir). Though the 
initial cost of the dam may be high, there 
is no great expense in keeping it running. 
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DARK 
FOR VIEW 
THE SUN 


HORIZON GLASS 


Using a sextant. The image of the sun is seen reflected from two mirrors. The horizontal 
is established by looking straight through the eye piece to the horizon. The Sun’s angle of 
elevation is worked out by moving the upper mirror until the Sun can be seen and checking 
the position of the lever which moves it against a calibrated scale. 
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SCIENTIFIC INSTRUMENTS 


[N ORDER to plot his position at 

sea, where there are no landmarks 
to go by, a navigator must refer to the 
imaginary network of reference lines 
that covers the Earth’s surface. Lines 
of latitude (parallels) circle the Earth 
parallel to the equator while lines of 
longitude (meridians) run from pole 
to pole. To plot his exact position a 
navigator must know two things—his 
latitude and longitude. One method 
of determining both of these depends 
upon calculations based on the angle 
at which he sees the Sun and stars. 
This is called celestial navigation, 
which is another way of saying 
“finding one’s way by the Sun and 
stars”. 


TO THE POLE STAR 
POLE 
STAR 
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HORIZON 


To prove that the angle of the Pole 
Star above the horizon equals the 
latitude of the observer. The laii- 
tude of any point is the angle it makes with 
a line drawn from the Equator to the centre 
of the Earth. Thus, the latitude of point 
A is 30° North. The red angles in the 
diagram must be equal because they are 
made by a line cutting two parallels. With 
each of the black angles they add up to 90°. 
It follows that the black angles are also 
equal. Thus the angle of the Pole Star 
above the horizon equals the number of 
degrees of latitude of the observer. 


To find longitude (the number of 
degrees east or west of the meridian 
running through Greenwich, Eng- 
land) the navigator needs to note the 
exact time that the Sun is directly 
above the meridian at his position 
(i.e. noon at his position). Suppose 
this is 6 p.m. Greenwich Mean Time 


a SEXTANT 


(the time based on noon at Greenwich). This means that 
the Earth has taken six hours to spin from the position 
where the Sun was directly above the Greenwich meridian 
to the position where it is now directly above his meridian. 
The navigator knows that the spinning Earth takes about 
24 hours to complete one revolution (to turn through 
360°). A simple calculation (360°-24=15°) shows that 
the Earth turns through 15° each hour. Since his noon is 
six hours behind noon at Greenwich, his longitude must 
be go° west of Greenwich (15° 690°). The position 
must be west of Greenwich because the Earth spins 
anticlockwise when viewed from above the North Pole; 
hence the Sun appears to travel westward across the sky 
and noon becomes progressively later westwards. 

One simple way for a navigator to check his latitude 
is to measure at night the angle in the sky between the 
horizon and the Pole Star (the star which is almost 
directly above the North Pole). As the diagram shows, 
this angle must equal the latitude of the observer. If the 
angle between the horizon and the Pole Star is 30°, then 
his latitude must be 30° North. This method can, of 
course, only be used in the Northern hemisphere, for the 
Pole Star cannot be seen south of the equator. Allowances 
must be made to the sextant reading for the fact that the 
Pole Star is about one degree away from true North and 
for the observer’s height above sea level. A height of only 
a few feet makes a great deal of difference to the angle 
measured. 

The two instruments essential for celestial navigation 
are the chronometer (a delicate, accurate watch, set to 
Greenwich Mean Time) and the sextant (an instrument 
for measuring angles above the horizon). The accuracy 
of the chronometer can be checked nowadays by radio 
from time to time. The sextant consists of a triangular 
frame, whose curved base, graduated in degrees, forms 
one-sixth of a circle (hence the name ‘sextant’). A small 
telescope, fixed to the rear of the frame, is trained on a 
piece of glass (the horizon glass) fixed to the fore end of 
the frame. Half of the horizon glass is clear, and half a 
mirror. An arm pivoted at the top of the frame, slides 
over the curved scale. It carries a second mirror (the 
index glass) which reflects the image of the Sun on to the 
first mirror and from there into the telescope. Turning 
towards the Sun and holding the instrument level, the 
observer moves the arm carrying the index mirror until 
he sees the reflection of the Sun exactly alongside the 
horizon viewed through the unsilvered part of the 
horizon glass. When this is achieved the lower part of the 
arm points to a scale reading which gives the Sun’s 
elevation directly. 

The principle of the sextant is that after two reflections 
the image remains steady even when the frame is moved 
bodily. This makes the sextant very suitable for use on 
board ship where pitching and rolling may be expected. 
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The Navigator notes that the Sun appears directly above the 
meridian at his position, six hours after it was directly above 
the Greenwich meridian (0°). In 24 hours the Earth completes 
one revolution, i.e. spins through 360°. So in one hour it turns 


through 15° and in 6 hours go°. Hence his longitude is go° west 
of Greenwich. 


TO THE POLE STAR 
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When observing the angle above the horizon of a star the height 
above sea level of the observer must be taken into account. The 
reading obtained by an observer on the bridge of a ship (blue 
angle) is greater than the true reading (yellow angle) which 
would be obtained at sea level. Special tables are used to correct 
the errors. 


Navigators of aircraft are often unable to see a horizon, 
so their instruments (called octants because the curved 
scale is only one-eighth of a circle) are fitted with a spirit 
level in which the bubble is at the centre when the 
instrument is horizontal. This is not so accurate and a 
number of sights are usually taken and averaged out. 
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| INORGANIC CHEMISTRY | 


OXYGEN and OXIDES 


XYGEN is the most abundant and 
widespread of all the elements in 
Nature. Twenty-three parts (by 
weight) in every hundred of the air 
around us are pure oxygen. Eighty- 
nine parts (by weight) in every 


hundred of water consist of oxygen, 
but this oxygen is not free—it is 
chemically combined with another 
element called hydrogen. A simple 


Animals take in oxygen from the air and 
breathe out carbon dioxide. Burning also 
converts oxygen into carbon dioxide. But 
the amount of oxygen in the atmosphere 
remains constant because green plants take in 
carbon dioxide. and release oxygen Roughly 
one part in five of the air by volume, or 
twenty-three parts in a hundred by weight, 
is oxygen, the rest 1s almost all nitrogen. 
e 


combination of oxygen with another 
element is known as an oxide. Water 
is an oxide of hydrogen. It is of course 
a liquid whereas both oxygen and 
hydrogen are normally gases. Some 
oxides are gases, some are liquids and 
some are solids. Solid oxides make up 
most of the Earth’s crust, and a 
great many metals are dug out of 
the ground in the form of ores that 
are solid oxides. Only a few oxides 
will release their oxygen when they 
are heated. Water, for example, simply 
turns to steam on being heated. But 
an electric current passed through 
water, with a small amount of acid 
added to make it a better conductor, 


About a half (by weight) of the Earth’s 
crust is oxygen locked up in solid oxides. 
Some of the solid oxides form the ores of 
important metals such as tin. Here tin ore 
is being hosed out. 
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splits it into oxygen and hydrogen 
gases. 

Oxygen gas is colourless and taste- 
less and has no odour. If the gas is 
shaken up with water a small amount 
of it is absorbed. The fact that it 
is absorbed at all is essential to the 
animals which live in water. Oxygen 
itself does not burn: burning is the 
combination of other substances with 
oxygen. At high temperatures oxygen 
is very reactive and combines with a 
very wide range of substances. When 
oxygen combines with a fuel energy is 
released in the form of heat and 
helps to maintain the reaction and 
to speed it up. A fuel burning in air 
combines with the oxygen in the air. 
The nitrogen (which forms almost 
the whole of the remaining four-fifths 
of the air) does not take part in the 
reaction.. It merely dilutes the oxygen 
and slows down the burning. Sub- 
stances burn much more fiercely in 
pure oxygen than they do in air. A 
piece of steel wool heated to red- 
ness does not burn in air. If the 
red-hot steel wool is plunged into a 
jar of oxygen it immediately bursts 
into flames. At ordinary temperatures 
the steel slowly rusts. Rusting is 
chemically similar to burning. It is 
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Eighty-nine parts in a hundred by weight 
of water are oxygen, the rest 1s hydrogen. 
The two substances are chemically joined 
and cannot easily be separated. Water 1s 
called an oxide of hydrogen. It also con- 
tains dissolved oxygen gas and it is this 
which fishes breathe. 


the slow combination of iron with 
oxygen. 

Animals depend upon oxygen be- 
cause they get their energy from the 
chemical combination of the food they 
eat with the oxygen they breathe. 
The food is first converted into glucose 
sugar and this reacts with oxygen to 
form water, carbon dioxide and 
energy. Most fuels produce water and 
carbon dioxide when they burn. For- 
tunately green plants breathe in 
carbon dioxide, and breathe out 
oxygen, otherwise the world’s supply 
of oxygen would become smaller 
every time we breathe, light a fire, 


A frece of red-hot steel-wool plunged into 
a jar of oxygen bursts into flames. Oxygen 
is essential to burning. Substances which 
burn slowly in atr (where the oxygen is 
diluted with nitrogen) burn fiercely in 


pure oxygen. 


start a car or fire a gun. In a motor 
car a mixture of air and petrol is 
exploded by an electric spark and 
produces energy in the form of heat 
to drive the car along. An explosion 
is usually a very quick combination 
of a fuel with oxygen. 

A jet plane gets its energy by 
burning paraffin in air. It cannot fly 
where there is no air since the oxygen 
in the air is essential to burning. A 
rocket, on the other hand, can go 
above the atmosphere where there is 
no air because as well as fuel it 
carries its own supply of oxygen with 
it. This may be either liquid oxygen 
or some chemical such as nitric acid 
that is rich in oxygen. 

The chief industrial use of oxygen 
is in welding. A fuel in the form of 
a gas (coal gas, hydrogen or acety- 
lene) is mixed with pure oxygen and 
burns fiercely with a very hot flame. 
The flame is hot enough to cut steel. 


A rocket plane carries its own supply of 


oxygen. The X-15 can therefore fly beyond 
the atmosphere where there 1s no air. But 
a jet plane depends upon the oxygen in the 
air for the burning of its fuel and cannot 
Sy at very high altitudes. 
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Oxygen is manufactured from the 
air around us. Air is a mixture of 
gases—the oxygen and the nitrogen 
are not joined to each other. Liquid 
air, produced by compressing pure, 
dry air and cooling it to almost 200°C, 
below the freezing point of water, is 
largely a mixture of liquid nitrogen 
and liquid oxygen. When liquid air 
is allowed to evaporate, the liquid 
nitrogen is turned to gas and the 
liquid left when all the nitrogen has 
evaporated is almost pure oxygen. 
This is piped off into gigantic vacuum 
flasks, for it will remain liquid only 
as long as it can be kept cold. Oxygen 
is generally transported in the liquid 
form as this takes up far less space 
than the gas. 

Oxygen can be prepared in the 
laboratory by heating a compound 
such as potassium chlorate or nitrate, 
which is rich in oxygen. The usual 
method is to heat potassium chlorate 
with a substance called manganese 
dioxide which does not take part in 
the reaction but speeds it up. 

Normally the smallest particles 
(molecules) in a sample of oxygen 
gas consist of pairs of oxygen atoms 
merged together. Ozone is a differ- 
ent form of oxygen in which each 
molecule consists of three oxygen 
atoms merged together. Ozone is a 
gas and is pale blue in colour. 
Oxygen is converted into ozone by 
passing electricity through a slowly 
moving stream of dry oxygen. Small 
quantities of ozone are produced in 
the air by lightning flashes. The sharp 
odour of ozone is frequently en- 
countered near to electric arcs. 
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A patient whose breathing is weak is placed 
in an “‘oxygen tent’. The concentration of 
oxygen in the tent 1s much greater than 
that in ordinary air of which $ is nitrogen. 
Consequently the patient can take in all 
the oxygen he needs without breathing very 
deeply. w 


OCEANOGRAPHY 


CEAN 


HEN you stand on a cliff and look out to sea it seems 

as though waves of water are moving towards the 
beach. But, in fact, the water is not moving along at all. 
Waves are simply distortions transmitted through the 
water towards the beach. Waves are caused by winds. 
At first, friction between the water and moving air causes 
small distortions to develop, then the wind blows against 
one side of the small wave and enlarges it. The wave or 
distortion moves along through the water because it is 
pushed along by the wind. You can see how this happens 
if you run your finger across a tablecloth. Friction causes 
a crest or wave to build up in front of your finger and 
travel across the tablecloth but the tablecloth itself does 
not move along. A floating ball shows what really happens 


As a wave enters shallow water it is steepened as friction with 
the bottom causes the circular orbit of the water particles to 
change to an ellipse. The water particles at the bottom are 


ALL EQUAL SECTIONS OF AN ADVANCING WAVE HAVE THE SAME ENERGY 


Waves are ‘bent? as they approach an uneven coastline by 
differences in sea depth. Wave energy is thus concentrated on the 
headlands and spread out in the bays. 


to the water in a wave; it simply describes a circular 
movement, without moving nearer to or farther from the 
shore (unless carried by wind or tide). So the wave you 
see breaking at the edge of the beach is really the same 
water going through the same motions time and time 
again. 

The height of a wave (measured from trough to crest) 
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WAVES 


depends upon a number of factors, particularly the 
distance this particular wave has travelled in contact 
with a constant wind (called the length of fetch) and the 
wind speed. In most cases it is true to say that the height 
of a wave in feet cannot be more than half the wind ° 
speed in miles per hour. Waves higher than 40 feet are 
rare, though storm waves with a height of about 50 feet 
have been noted. The length of a wave (the distance 
from crest to crest) also varies considerably; in a 40 foot 
high wave it may be several hundred yards. Wave-length 
does not always increase with wave height. If, for instance 
a wave loses its driving power (i.e. the wind dies down or 
changes direction) it will flatten out to a groundswell with 
a long wave-length in relation to its height. 


4 
slowed down while those at the top continue at the same speed. 
As a result, the crest of the wave eventually becomes unsupported 
and crashes over as a breaker. 


As a wave nears the shore the sea becomes too shallow 
for the water particles to complete their circular orbit 
as before. The water particles at the bottom are slowed 
down while those at the top continue at the same speed. 
As a result, the top of the wave rides on and eventually 
crashes over as a breaker. This happens when the depth 
of the water is a little more than the height of the wave. 
As the top of the wave breaks, the water is actually flung 
forward and rushes towards the beach as surf. The rush 
of water up the beach is called swash and the subsequent 
retreat back down the beach is called backwash. 

The might of the sea is contained in its waves. They 
have the power both to create and destroy. Generally it 
is the large waves that eat the land away and the smaller 
waves that deposit material along the coastline. For this 
reason it is the more exposed coasts that suffer most from 
erosion (since the waves will be larger there). Most of 
the work of erosion is done by loose pebbles which the 
water flings against fixed rocks like battering rams. But 
the water in a breaking wave has a tremendous power of 
its own—a great Atlantic wave may crash down with a 
force of one ton per square foot—and water pounding 
into cracks in rocks soon prises them open. It is the force of 
the water alone that breaks down sea-walls in a great storm. 


Johann Kepler 


OHANN KEPLER (1571-1630) was a German as- 

tronomer and mathematician to whom scientists owe a 
great debt. It was he who explained the way in which the 
planets move in our Solar System. Earlier, Copernicus 
had shown that the planets travel round the Sun (and not, 
as thought, round the Earth). Galileo was able to confirm 
this by observations through his telescope. 


Kepler’s First Law: The orbits 
of the planets are elliptical, with 
the Sun at one focus. A planet 
travels in an oval, not a circular, path 
round the Sun. (The foci are two points 
on opposite sides of the centre of the 
ellipse). The position of the foci is seen 
clearly tf we attach a loose loop of string 
around two points (the foct) and mark in 
the ellipse around them, keeping the string 
tight as shown in the diagram. 


planets. 


they moved. 


FAMOUS SCIENTISTS 


KEPLER 


The Man Who Wrote the 
Laws of the Planets 


Another important name in early astronomy was 
Tycho Brahe (1546-1601) who, although he did not 
accept Copernicus’s theories, spent much of his life in 
developing accurate measuring instruments and in com- 
piling astronomical tables on the movements of the 


In 1600 Kepler was appointed Brahe’s assistant at an 
observatory in Prague. When Brahe died in the following 
year, Kepler continued his work on the tables. When 
these were completed he had more information on the 
behaviour of the planets than anyone had _ possessed 
before. With this knowledge, he was able to interpret 
their movements and to produce three basic laws by which 


Kepler noted first that planets move round the Sun in 
an oval or elliptical path (Fig. 1). 
that a line between a planet and the Sun swept out 


Secondly he said 


equal areas in equal times. In other words the nearer a 
planet is to the Sun, the faster it travels (Fig. 2). His 
third law demonstrated that planets nearer the Sun have 


Kepler’s Second Law: A line 
drawn from a planet to the Sun 
sweeps out equal areas in equal 
times. As a planet travels round the 
Sun, its speed 1s not constant. When it 
is nearer to the Sun it travels more quickly 
than when it is further away from it. The 
planet takes the same time to travel from 
point A to point B as it does from D to E, 
and all the ‘triangles’ swept out are equal 
in area. 


a shorter year than those further away from it (Fig. 3). 

These were by no means the only contributions made 
to astronomy by Kepler. He studied, for example, the 
passage of comets and the star explosions called novae. 
But his real achievement lay in his laws, which laid open 
the way for the great discoveries of Isaac Newton about 
gravity and motion. 


Kepler’s Third Law: The length 
of time taken by a planet to com- 
plete its orbit increases the 
further away it is from the Sun. 
The planets close to the Sun (e.g. Mercury, 
Venus, etc.) have a much shorter year than 
the outer planets. Thus Mercury, less than 
half the distance of Earth from the Sun, 
takes only 88 Earth days to orbit the Sun. 
The diagram shows how many orbits 
each planet travels during one Earth year. 
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Fig. 3. 


The pumps above the surface are regulated to force air into 
the diver’s suit at exactly the pressure of the water at the 
depth he has reached at each moment. 


HYDROSTATICS | 
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Se eee PRESSURES under water are very 


ae 


At 100 feet down 
water pressure 1s 
about 60 Ib. per 


square inch. 


At 200 feet down 
water pressure 1s 105 
lb. per square inch. 


At 300 feet down 
water pressure 1s 
about 150 lb. per 
square inch. 


much higher than pressures at the sur- 
face: pressure in the sea increases by about 
4% lb. per sq. in. for every 10 feet below the 
surface. The pressure of water squeezing 
the body of a diver could, under ordinary 
circumstances, prevent him from breathing 
air supplied to him from the surface be- 
cause his muscles would not be strong 
enough to expand his chest. But in fact the 
diver is surrounded by compressed air 
piped into his suit and helmet (and con- 
sequently into his lungs) from a pump on 
board a surface ship. At any moment it is 
compressed to the same pressure as the 
pressure of the water at the depth to which 
he has descended. By this means the pres- 
sure inside the diver’s body is made equal 
to that of the water outside his suit and the 
squeezing effect is counteracted. To a 
limited depth the human body can stand 
these pressures because they are equal 
inward and outward. At a depth of 100 
feet the pressure is four times as great as on 
the surface. A diving suit makes it possible 
to work at a depth of 200 feet where the 
pressure of the water is seven times as great 
as at the surface. The diver’s body is sur- 
rounded by air at seven times normal 
pressure and his lungs are filled with air 
at seven times normal pressure. Because 
the pressure inside his body exactly 
balances the pressure outside it he does 
not feel the crushing weight of the water. 
Diving to 300 feet used to be dangerous. 
At this depth the pressure in a diver’s 
lungs would have to be at least ten times 
as great as normal atmospheric pressure 
to balance the pressure of the water at 
this depth. It would be very dangerous 
indeed to breathe such highly compressed 
air because large quantities of nitrogen 
(a gas which makes up about four-fifths of 
the air) would be absorbed through the 
lungs and dissolved in the blood. When 
the diver surfaced, the nitrogen would 
accumulate in bubbles whose clogging 
effect could stop the normal flow of blood. 
‘Diver’s bends’, as this condition is called, 
is excruciatingly painful and can cause 
death. How modern diving techniques 
have overcome this danger will be de- 
scribed in a future article. 
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Using the expansion principle in industry. 
A worker fits a liner for a cylinder in a 
motor car engine. Since it must fit tightly, 
he cools the liner down in liquid oxygen. 
This makes the liner smaller, to allow it 
to pass into the hole. As it 
warms up again to normal 
temperatures it expands 
and 1s wedged firmly in 
position. 


momma WETS 


So 


Hot rivets are used to fasten 
together plates of metal. 
When the rivets cool they 
contract, pulling the plates 
closely together. 


114 


HEAT PHYSICS | 


SOLIDS EXPAND 
WITH HEAT 


LMOST all solid substances ex- 

pand (grow larger in all direc- 
tions) when they are heated. They also 
shrink when they are cooled. Gener- 
ally speaking the amount of expansion 
or contraction is not great, not enough 
to be seen easily with the naked eye. 
Nevertheless, it is important. 

Take the case of a bridge made of 
steel, for example. Because it is 
warmer in summer than in winter, the 
bridge will actually change its length. 
If it is exactly six hundred feet 
long at freezing point (0°C.), on 
a warm summer’s day (20°C.) the 
bridge will have expanded about two 
inches. This can cause trouble to the 
engineer and he may have to mount 
the ends of his bridge on rollers, to 
avoid the girders buckling as they ex- 
pand. The longer a bridge is and the 
greater the range of temperatures 
experienced, the more acute the 
problem will be. A similar effect 
occurs in railway lines, which usually 


A temperature control or thermostat. The two lower 
rods expand with a rise in temperature at different rates. 
Since they are joined together at both ends they will bend 
as temperatures rise to the required point. The ends 
of the bars then break contact, switching off the current 
to the heater. geen ee 


Railway lines have gaps in them to take up 
the expansion of the rails in hot weather. 


have a space between each long sec- 
tion to take up the expansion. 

Why do substances expand when 
they are heated? It is because they are 
made up of atoms (and groups of atoms 
called molecules). As heat energy 
enters a solid substance its atoms and 
molecules vibrate to and fro more 
and more vigorously. Neighbouring 
atoms and molecules are pushed faster 
away from each other as the extent of 
the vibrations builds up. Although 
the actual sizes of the atoms and mole- 
cules may be unaltered, the amount of 
‘elbow room’ they take up is in- 
creased, and so the solid must expand. 

Such expansion, however, is not 
always a disadvantage. We can, on 
occasions, make use of it. There is a 
kind of thermometer which is made of 
two strips of different metals fastened 
together along their length and con- 
nected to the needle of a dial. At 
one temperature (e.g. 0°C.) the strips 
are both straight. As the temperature 


Sometimes bridges are mounted on rollers so 
that the expansion of the metal on hot days 
does not buckle the bridge. 


is raised, however, one of the strips 
expands more than the other, causing 
both of them to bend. The amount of 
bending can be read off on the dial, 


Coefficients of Linear Expansion 
(for 1° Centigrade) 


Aluminium 
Brass 
Concrete 


-000023 
000018 
about -000014 
000017 
00001 | 
“000009 
-000003 
-000012 


Copper 

lron (cast) 
Platinum 
‘Pyrex’ glass 
Steel 


recording the temperature. The more 
bending, the hotter it is. Such 
thermometers were used on some pre- 
war cars and can still occasionally 
be seen. 


Measuring Expansion 

Before we can make use of expan- 
sion or make allowances for it, we must 
be able to calculate exactly how much 
the size of an object will increase. 
Solids (and the same applies to liquids 
and gases, which will be discussed in 
later issues) expand in all directions 
to the same degree. Usually the ex- 
pansion rates are considered separ- 
ately, however, as linear (length), sur- 
face area, or cubic (volume). The pro- 
portion of linear expansion (known as 
the coefficient) is worked out as the 
amount I inch or I centimetre expands 


STEAM INLET 


THIS END OF 
SPECIMEN IS 
FIXED 


(length x breadth x height) expansion 
of this metal would be oor x 3= +003. 
The volume of the metal would in- 
crease by three thousandths of its size 
for a one-degree rise in temperature. 

The coefficient of expansion can 
easily be obtained by experiments 
such as that illustrated. Normally 
they are so well known, however, that 
it is simpler to look them up in a 
reference book. The coefficients of 
linear expansion of some common 
solids are shown on the left. 

It is interesting to note from this 
table that aluminium expands about 
twice as much as steel, and that brass 
expands twice as much as platinum. 
There are, in fact, considerable dif- 
ferences between the amounts of ex- 
pansion. ‘Pyrex’ glass, which expands 
very little with heat, is extremely use- 
ful for ovenware. Ordinary glass tends 
to crack quite easily if heated unevenly 
(some parts expanding more than 
others). ‘Pyrex’, because of the small 
expansion, is much more serviceable. 


Applying the Coefficients of 
Expansion 

Given the coefficient of expansion 
of a particular substance, two other 


THERMOMETER 


A compensating pendulum. The time taken 
by the pendulum to complete its swing 
depends on the length of the pendulum. Since 
the swing must be accurate, so must the length 
of the pendulum. The zinc block expands far 
more than the wooden bar, but because the 
block is smaller the two expansions in 
opposite directions cancel each other out. 
The distance between the centre of the block 
and the top of the pendulum therefore remains 
constant in spite of variations in temperature. 


FREE END OF 
SPECIMEN 


STEAM OUTLET 


FIXED SCALE 


An experiment to record the amount of expansion of a metal bar for a given rise in temperature. The bar is fixed at one end, and move- 
ment of the other end can be measured against a scale. Steam 1s piped around the bar and the rise in temperature recorded by a thermometer. 


when the temperature is raised by 1° 
Centigrade. Thus if an inch of metal 
expands by one-thousandth of an inch 
with a one-degree rise in temperature, 
the coefficient of linear expansion 
will be -oo1. The coefficient of surface 
area (lengthxbreadth) expansion 
would be ‘oo1 X2=-002. In other 
words, the area of the metal would 
increase by two thousandths of its 
size for a one-degree rise in tem- 
perature. The coefficient of cubic 


figures are needed. First we need to 
know how much of the substance 
there is (in the case of linear expansion 
how long it is, in the case of volume 
expansion what size it is). Secondly 
we must know the difference in tem- 
perature in degrees Centigrade. To 
work out how much a ten-inch bar of 
steel will increase in length with 
a 50°C. rise we multiply the linear 
coefficient by the length and by the 
rise in temperature (10 x -000012 X 


50 inches=-006 inches). We can do 
this because, over a small temperature 
range, a substance expands the same 
amount for each degree rise and 
because, however long or large it is, 
the substance will expand in the same 
proportion. A bar of metal will expand, 
for example, as much between 4° and 
5°C. as it will between 14° and 15°C. 
A ten-inch bar of metal will expand 
exactly twice as much as a five-inch bar 
of the same material for a rise of 1°C. 
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PHYSIOLOGY | 


ENDOSKELETONS 


OST of the animals which have 

inner or endoskeletons belong to 
the group of backboned animals (verte- 
brates). These include fishes, amphi- 
bians, reptiles, birds and mammals, all 
of which have endoskeletons made of 
bone or cartilage. A few of the back- 
boneless or invertebrate animals also 
have a hard inner skeleton; some slugs 
have an internal shell as does the cuttle- 
fish and its relatives, while some 
sponges have a rigid internal skeleton 
formed from interlacing, needle-like 
structures called spicules. 


Engineers could use shape A for a girder 
but in fact use B which is just as strong 
and consumes less materval. 


The hard outer shell (exoskeleton) 
of an insect obviously gives the insect 
its shape, but even when the skeleton 
is internal it still determines the basic 
shape of an animal. (There will be an 
article on exoskeletons in a later 
issue.) Our skull, for example, is very 
different in shape from that of a 
dog’s, the neck of a giraffe is not like 
ours in proportion even though it 
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contains the same number of bones 
(called vertebrae). 

The skeletons of all vertebrates 
are made of bone or cartilage or both. 
The main axis of the skeleton is the 
backbone to which are attached the 
girdles (shoulders and hips) from 
which the limb bones articulate, the 
skull and the rib cage. 

Bones meet at joints. The type of 
joint depends on the amount of move- 
ment that there is between the bones 
which make the joint. The skull, for 
example, is made up of a number of 
bones. These move very little on each 
other. They are separated by thin 
layers of connective tissue which form 
the so-called sutures. Where there is 
a little more movement, as between 
the bones (vertebrae) of the backbone 
(vertebral column), a pad of gristle 
joins the bones together. 

When the bones move freely on each 
other, as at the knee, hip, shoulder 
or elbow, the smooth ends of the 
bones are covered in a thin layer of 
cartilage. A connective tissue cap- 
sule holds the bones together. The 
inner part of the capsule forms what 
is called the synovial membrane. This 


way to the two parts of a hinge. The 
leg forms a_ ball-and-socket joint 
with the hip. The rounded end of the 
thigh bone (femur) fits into a socket 
in the hip girdle. 

The construction of the bones is 
such that they are able to withstand 
the stresses to which they are sub- 


WEIGHT 


FORCE 
FULCRUM 


WEIGHT 


jected. The upper third of the thigh 
bone, for example, is stronger than 
the lower part, for it has to withstand 
the greatest stress in this region. 
In cross-section it is hollow. When 
a bone is subjected to bending stresses 
the forces operating on it are greatest 
at its outside so that the hollow 
represents a great saving in bone 


Part of a wing bone from a vulture showing the internal strutting similar in construction 
to an aeroplane wing (right). The bone is able to take stresses as well as it would if it 
were solid and the saving in weight is of great advantage to the bird in flying. 


produces a lubricating fluid, the 
synovial fluid. The cartilage, besides 
reducing the friction between the 
bones, also acts as a shock absorber so 
that the bones do not split or shatter 
when they take severe stresses at the 
joints (as when a parachutist makes 
a landing). 

The knee is a hinged joint, for the 
bones move on each other in a similar 


HUMAN SKULL FROM THE 
LEFT SIDE. THE SUTURES 
SEPARATING THE BONES 
CAN BE SEEN AS DARK LINES. 


building material, and compared with 
a solid structure it makes the bone 
lighter so that the work of the 
muscles is made much easier. In a 
similar way engineers reduce the 
weight and the amount of materials 
used in building such structures as 
cranes and bridges by using girders 
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PULLING 
FORCE 


SECOND 


FULCRUM 


FULCRUM 


which are I-shaped or are made up of 
a number of short rods or members 
(see illustration) joined together in 
such a way that the strength of the 
girder is the same. The hollow frame 
of a bicycle is just as strong as a 
solid one would be and, of course, 
much lighter. The muscles, too, are 
arranged in such a way that the 


The hollow parts of a bicycle frame are 
just as strong as they would be were they 
solid. 


stresses on the bones are considerably 
reduced. 

The bones in the body act as levers 
which are operated by the muscles. 
There are three main kinds of levers 
(first, second or third order) depend- 
ing on the positions of the pulling 
force, on the position of the weight 
which is being lifted and on where 
the lever is pivoted (fulcrum). The 


load (weight) lifted divided by the 
effort or force is called the mechanical 
advantage of the lever. Most muscles 
work at a mechanical disadvantage; 
the pull is exerted very much closer 
to the fulcrum than the weight is. 
The illustrations show an example 
of each of the orders of levers in 
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WEIGHT 


(Left) The human hip joint showing how 
the ball of the thigh bone fits into the 
socket on the hip girdle. (Right) The human 
knee, a hinge joint. 


animal bodies. The horse’s head is 
an example of a lever of the first 
order because the fulcrum is between 
the weight and the force. The human 
foot is an example of a lever of the 
second order since the weight is 
between the fulcrum and the force, 
and the human elbow is an example of 
a third order lever as the pulling 
force is between the fulcrum and the 
weight. Of these three examples the 
calf muscles, which enable us to 
stand on our toes, are the only ones 
to work at a mechanical advantage. 
In negroes, who have a longer heel 
than whites, the calf muscles work 
at a greater mechanical advantage. 


MAN 


| TYPICAL MAMMAL 


SALAMANDER 


VERTEBRATE SKELETONS 
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| TECHNOLOGY | 


SURVEYING METHODS AND 


HE first step in preparing a map 

of a certain region must be to 
survey the area. Surveying means 
finding out the relative positions of 
various surface features so that a map 
can be plotted. Most map surveys are 
based upon a process known as 
triangulation. As its name _ suggests, 
this involves the use of triangles 


(imaginary, not real). Trigonometry is 
the name given to that branch of 
mathematics which deals with the re- 
lationship between parts of a triangle. 
One rule in trigonometry is that if two 
angles and the length of one side of a 
triangle are known then the other 
two sides can be calculated. Another 
is that if one angle and the length of 
two sides of a triangle are known then 
the remaining side and two angles 
can be calculated. Both of these rules 
are put to good use in surveying. 

The surveyor first selects two points, 
A and B, and measures the distance 
between them very carefully with a 
metal tape. Then he selects a third 
point, C, perhaps a tower or some 
other object such as a pointed rock 
which is clearly visible from both A 
and B. From point A he measures the 
angle between point B and point C, 
and from point B the angle between 
point A and point C. Translated onto 
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paper he now has a triangle in which 
two angles and the distance of one 
side are known and with the aid of 
trigonometry he can calculate the 
distance of the other two sides without 
actually measuring them. In this way 
the position of point C in relation to 
points A and B can be fixed. 

The next step is to select some con- 
venient spot, D, outside of the triangle 
and construct another imaginary tri- 
angle using a side of the first one as a 
base line. There is no need to measure 
this base line because the length of all 
of the sides of the first triangle have 
already been calculated. So, after 
taking the angle of D from both ends 
of the new base line (points B and C) 
the surveyor once again has a triangle 
in which two angles and the length of 
one side are known and once again the 
length of the other two sides can be 
calculated and the position of point D 
fixed. 

In this way the surveyor can carry 
on spreading his framework of triangles 
over the whole region which is to be 
mapped, without measuring any more 
distances, simply the angle of one 
point from another. This is why the 
measurement of the first base line 
(AB) needs to be so accurate. In 
practice, the distance of one point 
from another is measured from time 
to time, just to check that the 
calculations are correct. 

It must be remembered that the 
distance calculated between two 
points does not allow for the rising 
and falling of the ground. In other 
words, a map tells you the horizontal 
distance between, say, two mountain 
peaks. This might be far less than the 
actual distance you would have to 
cover on the ground to travel from 
one to the other. 

If the area being surveyed is very 
large the first framework might be 
made with points some thirty to 
forty miles apart (this is the scale of 
the main or primary framework covering 
the British Isles). These large triangles 
can be divided into smaller triangles 
and these into smaller triangles still, 
according to how large the scale of the 


The Principle of Triangulation 


MEASURED ANGLES ARE COLOURED 
AB IS THE ONLY MEASURED DISTANCE 


FIRST 
TRIANGLE 


THIRD 
TRIANGLE 


SECOND 
TRIANGLE 


MEASURED ANGLES ARE COLO 
BLACK LINES INDICATE MEASURED DISTANCES. 
RED LINES INDICATE CALCULATED DISTANCES. 


URED. 


map is going to be (the larger the 
scale the greater the accuracy needed 
and the smaller the triangles must be). 
When the scale is very large, i.e. when 
a large map is being made for a very 
small area, the sides of the triangles 
are measured rather than calculated (a 
process known as cadestral surveying). 
This does away with the need for 
measuring angles, though in fact some 
are measured for greater accuracy. 
The points or corners of the large 
triangles must be represented by some 
clearly visible object, a mountain 
peak, for instance. But when it comes 
to breaking down the triangles, a 
large forest or cluster of buildings 
might make triangulation impossible, 
i.e., they might make it impossible to 
see a certain point from two other 
points. In this case a traverse survey is 
needed. The surveyor selects two 
points, A and B, and measures the 
distance between them. Then he 
selects a third point, C, which can be 
seen from, say, A but not from B; 
measures the angle it makes with the 
base line (AB) and also the distance 
from A to C. Once again he has a 
triangle but instead of knowing two 
angles and the length of one side he 
knows one angle and the length of 
two sides. With the aid of trig- 
onometry the two remaining angles 
and the length of the remaining side 
can still be calculated and the posi- 


THE USE OF THE THEOD@ET. 


tion of point C fixed in relation to 
points A and B. If the forest is large 
this may need to be done several 
times. 

The position of one place in relation 
to others is not fully known until the 
relative height above sea level of the 
places has been calculated. This also 
can be done with the aid of triangles 
and is known as levelling. Take, for 
example, the height of a particular 
mountain peak near the sea. Once a 
base line (DE) has been measured on 
the ground at sea level the horizontal 
distance between point D or E and the 
peak (point F) can be calculated by 
trigonometry just as the distance of 
point C from point A or B was cal- 
culated in the first triangle. The 
distance DF is then taken to represent 
the base line of a new triangle, vertical 
instead of horizontal. The next step is 
to measure from the point at sea level 
(D) the angle the mountain peak (G) 
makes with the horizontal. An im- 
aginary vertical line drawn from the 
peak down to the base line (which it 
cuts at right angles) completes the 
triangle in which two angles and the 
length of one side are known. The 
vertical side of the triangle, which re- 
presents the height above sea level of 
the peak, can be calculated by 


trigonometry. Once the height of the 
first peak has been established the 
heights of other mountains can be 
calculated by the same method. There 
is no need to start from sea level each 
time; the sighting of the next peak 
can be taken from the top of the peak 
whose height has already been calcu- 
lated. In this case the difference in 
height between the two, added to, or 
subtracted from, the known height 
of the first peak (added if the second 
peak is higher than the first and 
subtracted if it is lower), will give the 
correct height above sea level of the 
second peak. 

Among the methods employed in 
filling in detail on the framework are 
aerial photography and plane table 
surveying. The latter process involves 
taking a bearing on a particular 
object from a number of different 
positions and thus fixing it within the 
triangle which is represented on a 
sheet of paper. 

The measurement of angles plays a 
very important part in surveying and 
the instrument used for this purpose is 
the theodolite. Basically, it consists of a 
telescope which can be moved both 
horizontally and vertically. Firmly 
attached to the telescope and moving 
with it (in a horizontal plane only) is 
the circular upper horizontal plate. 
Next to it is the lower horizontal plate 
which is marked off around its edge in 
degrees, minutes and, in some cases, 
even seconds. The lower horizontal 
plate is movable too, but it can be 
clamped down in position. Also 
attached to the telescope and moving 
with it is a vertical wheel, the vertical 
plate or circle, again graduated 
around its edge in degrees. This is all 
mounted on a base which can be 
made truly horizontal by the adjust- 
ment of foot screws beneath it. The 
horizontal is determined by a spirit 
level mounted on the upper hori- 
zontal plate (when the bubble is 
exactly in the centre of the spirit 
level the instrument is horizontal). 
When in use the theodolite usually 
stands upon a tripod. 

In order to measure the horizontal 


angle between two objects the tele- 
scope is swung until one of them co- 
incides with the cross hairs in the 
eyepiece. The lower horizontal plate 
is then adjusted until 0° lies opposite 
the reference mark on the upper 
horizontal plate and clamped in posi- 
tion. The next step is to swing the 
telescope until the second object is 
sighted. Because the upper horizontal 


plate moves with the telescope the 
reference mark at its edge will then 
point to an angle on the lower hori- 
zontal plate, which has remained 
stationary. This will be the horizontal 
angle between the two objects. 
Vertical angles are measured in the 
same way but in this case the scale 
moves with the telescope while the 
reference line or arm remains station- 
ary at the horizontal (this can be 
checked by a spirit level mounted on 
the arm and adjustments made if 
necessary by means of screws). 
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| APPLIED SCIENCE | 


Preserving 


VEN in the home, although we 

are used to handling only small 
quantities of food, it is a tremendous 
problem (in hot weather particularly) 
to prevent the food from spoiling; 
butter easily becomes rancid, milk 
quickly sours, meat goes bad and 
fruit ripens too quickly. Until the 
recent introduction of the refrigerator 
food had to be eaten very soon after it 
was purchased from the shops. 

Our problems in this respect may 
seem considerable, but what of those 
of the food industry which handles 
millions of tons of food weekly? Many 
countries import food from overseas. 
In Britain about a third of the meat 
consumed isimported from such far-off 
countries as New Zealand, Australia, 
Brazil and Argentina. A journey by 
ship may take eight weeks, so obviously 
very special equipment is required to 
keep the meat in good condition. 


Why does food spoil ? 

There are several reasons for food 
spoiling. These include: 1. drying 
up (desiccation) due to loss of mois- 
ture by evaporation (this commonly 
occurs with moist foods); 2. the food 
may continue to ripen (this happens 
with fruit); 3. it may become rancid 
by oxidation in contact with the air; 
4. it may become dirty or spoilt by 
animals such as insects; 5. it may 
be affected by micro-organisms such 
as bacteria and fungi. 

Many micro-organisms are able to 
live on foodstuffs and in doing so they 
convert the chemical substances of 
which the food is made into others, 
causing it to decay. Cheese, for ex- 
ample, can often be seen to have green 
and blue-green moulds on it. These 
and the black pin mould commonly 
grow on moist bread as well. A few 
bacteria produce poisonous — sub- 
stances called toxins. These toxins 
cause food poisoning in individuals 
who eat food containing them. 


The purpose of refrigeration 
Food may be kept clean by wrap- 
ping it or storing it in suitable con- 
4 Part of a huge frozen food store in which the tempera- 


ture is maintained well below 0°F (—17-8°C). Note the 
snow-covered cooling pipes on the ceiling. 


Foods by Refrigeration 


tainers. Apart from canning or drying 
food in order to preserve it, the most 
widely used methods involve re- 
frigeration. By cooling a food below 
freezing point to 14°F (—10°C) all 
of the bacteria and other minute 
organisms which cause decay are 
inactivated; that is, the chemical re- 
actions which normally take place 


within them cease. Thus decay and 
the consequent spoiling of the food 
are at least delayed. At the same time 
the enzymes (substances which con- 
trol chemical reactions in living things) 
and other complicated chemicals in 
the food are not destroyed, their 
activity is merely suspended so that 
ageing is slowed down. 


How a Refrigerator Works 


When a liquid evaporates (i.e. changes 
to gas) it takes in heat. In a refrigerator 
the heat is taken from the food compart- 
ment which is therefore cooled. When 
the gas changes back to a liquid in the 
condenser heat is given out. This does 
not raise the temperature of the cold 
storage compartment because the con- 
denser is always situated outside it. 


Meat 


The fact that the activity of bacteria is stopped at low tem- 

peratures is of great importance. It means, for example, that in 
Britain meat can be eaten which has taken several weeks to 
arrive from overseas and which has been in cold storage here for 
as long as three months. New Zealand lamb, for example, is 
cooled to about 8°F (— 13-3°C) in New Zealand before it is packed 
into the refrigerated holds of meat-carrying vessels in which the 
temperature is held at 8 to 10°F (—13-3°C to —12-2°C). The fastest 
vessels take four weeks to reach Britain (the slowest about two 
months) and the meat is then transferred to cold storage ware- 
houses where a temperature of about | 4°F (— 10°C) is maintained. 
Very little flavour is lost during three months’ cold storage but 
the meat must be used by the end of this period. If stored for 
longer than three months, flavour and tenderness is lost and the 
meat starts to deteriorate due to loss of moisture from the surface 
of the meat (this is called surface dehydration). The atmosphere 
in the cold storage room is dryer and colder than the meat so that 
some moisture tends to pass out of the meat into the atmosphere 
of the cold storage room until eventually the amount of moisture 
in both the meat and the atmosphere of the cold store would 
balance if the process were allowed to go on for too long. 
- Large carcasses lose relatively less moisture than small ones 
because the surface area of a large object is relatively smaller 
than that of a smaller object. For this reason beef is easier to 
keep than lamb even though beef is shipped and stored in quarter 
carcasses and lamb in whole carcasses. 

To transport meat from cold storage to the butcher specially 
insulated lorries are used on journeys of less than twelve hours. 
They have no refrigeration plant on board but may be fitted with 
hollow plates which contain a cold liquid that is frozen before 
the vehicle begins its journey. 

For some kinds of food, such as wet fish, a damp atmosphere is 


maintained in cold stores. Poultry, on the other hand, is generally. 


wet and warm when it arrives at the cold store. Crisp, cold air is 
circulated so that excess moisture and heat are removed. 
Food kept.in cold storage for long periods slowly becomes 


frozen, and due to the dripping of moisture from it when it thaws | 


and sometimes when it is in the cold store it loses some of its 
flavour and its food value. 


Quick-freezing 


(Left) Small ice crystals are formed in quick-frozen food. (Right) Large crystals 
are formed when the food is frozen slowly and the cell walls are ruptured. 


A decided advance on straightforward cold storage has been the develop- 
ment of ‘quick-freezing’ as the result of the experiments of the American 
Clarence Birdseye. Previous to the introduction of this method of pre- 
paring foods in 1929, people living in large cities rarely received food in a 
‘just-picked’ condition. But in quick-freezing the food arrives in the home in 
such a fresh condition. 

Birdseye perceived the idea of the ‘quick-freeze’ treatment of food when 
he noticed how the Eskimos of Arctic Canada kept food in the intense cold 
of the open air for several months and yet were able to eat it as fresh when 
it was thawed. He discovered that providing you freeze a food quickly 
enough and keep it at a sufficiently low temperature it loses nothing by way 
of flavour or food value and is still fresh many months later. 

When food is frozen slowly, large ice crystals are formed in the cells of 
the food. The crystals rupture the cell walls as they grow and consequently 
when the food is thawed the water drains away carrying salts and other 
minerals with it. So the food loses its flavour and food value. But by the 
‘quick-freeze’ method the ice crystals are formed much more quickly and 
are much smaller. All the moisture in the food freezes before the crystals 
have had time to reach a great enough size to rupture the cell walls. When 
the food is thawed no moisture is lost from it. It thus retains its flavour 
and its food value and is as fresh after several months’ storage as it was at 
the moment it was frozen. 

After cleaning, quality selection and other procedures have finished, the 
foods are packed into cartons which are placed on metal trays. These are 
placed in ‘frosters’—large insulated cupboards with hollow shelves through 
which the refrigerant liquid is passed at a temperature of --28°F ( --33-3°C) 
(i.e. 60 degrees of frost). The cartons are frozen for an hour to an hour 
and a half, during which the food at the centre of each carton is cooled 
to 0°F (—17-8°C). From the frosters the cartons, after being packed into 
boxes, are transferred to large cold stores in which the temperature is 
sub-zero. They reach the shops either by means of refrigerated containers 
carried by rail or in refrigerated road vehicles. 


REFRACTION 
the bending of light 


(GENERALLY speaking, we cannot see round corners, 

because light travels in straight lines. There are, 
however, exceptions to the rule. The direction of light 
rays can, for example, be changed with a mirror (‘re- 
flection’, described in a previous issue). Light rays can 
also be bent under certain circumstances, a principle 
known as refraction. 

Refraction of light can easily be seen at work. A 
straight stick or reed in a pond appears to be bent below 
the water line. A basin full of water appears shallower 
than when it is empty. In these examples the light has 
to travel through two substances (air and water). It is 


The coin and cup trick. A coin is put at the bottom of an empty 
cup, just out of sight of the viewer. The coin is out of sight 
because a straight line (ray of light) cannot be drawn between eye 
and coin. When the cup ts filled with water the viewer can see 
the coin, still in the same place at the bottom of the cup. This 
is because the light rays from the coin have been bent at the water 
surface so that they do enter the eye. 
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A fisherman shooting a fish must allow for the effects of refraction. 
Because of the bending of the light rays from the fish tt appears 
to be farther away than it actually is. To hit the fish, therefore, the 
archer must aim below his target. Needless to say, the fisherman 
in this picture will miss because he is aiming at the apparent 
position of his target. 


WATER 


Refraction of light (left) from air to water and (right) from water 
to air. When the rays pass from air to water the angle of incidence 
(i) is greater than the angle of refraction (r). Where light travels 
from water to air the angle of incidence (i) is less than the angle 
of refraction (r). 


the changing over from one substance 
to the other which causes the light 
rays to bend. Air and water have 
different properties in respect to light. 
Light travels through air faster than 
it does through water. (Water is said 
to be ‘optically denser’ than air.) Light 
rays travelling through air, meeting 
the surface of the water at an angle, 
are suddenly slowed down, and bent 
in the process. It is interesting to note 
that light which meets the water 
surface along a normal is not bent. 
(A normal is a line at right-angles to 
the surface.) 


Which Way the Light Bends 

The greater the difference between 
the optical densities of the two 
materials, the more the light will 
bend as it passes from one to the 
other. But which way the light bends 
depends on whether the light passes 
from a dense to a less dense material 
or the other way round. In the former 
case the light rays are bent away from 
the normal. Where light passes from 
a less dense to a denser substance the 
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In this illustration light from a torch is passed through a comb to show the direction 
of its rays more clearly. The light is then passed at an angle into a trough of water 
containing a fluorescent dye. If the room is darkened the dye shows up the direction of the 
light rays as fluorescent bands of light. Note that refraction has caused the rays from 
air to water to bend towards the normal. (The normal 1s a line at right-angles to the 


water/air boundary.) 


air. On reversing the experiment and 
passing the light rays from the water 
to the less dense air, the light bends 
away from the line of the normal. The 


Only a few objects actually give out light and these are usually very hot, like a flame or a 
lamp filament. In order to see objects which cannot give out light of their own we rely on | 
their ability to reflect light from a lamp or from the Sun to our eyes. 


Light rays passing from a substance to one that is optically denser are refracted (bent) 
towards the normal. Light rays passing from a substance to one that is optically less dense 
are refracted away from the normal. Light rays passing from one substance to another at 
right angles to the boundary are not refracted at all. 


rays are bent towards the normal. All 
this seems rather complicated. How 
does it work out in fact? The experi- 
ment with the torch and_ the 
fluorescent water pictured above 
shows light rays travelling through 
the air into water. Because a comb 
is used to cast shadows we can follow 
the line of rays, noting that they 
change direction on hitting the surface 
of the water. Now take just one of the 
rays and see how it bends. If we were 
to draw in the normal (line at right- 
angles to the water surface) through 
the point where ray meets water we 
should see that the ray bends towards 
the normal. This is because the water 
has a greater optical density than the 


effect of the glass walls of the tank used 
in these experiments can be ignored. 


The Index of Refraction 

The amount of bending which 
takes place as a ray of light passes 
from one substance to another with a 
different optical density can be ex- 
pressed as an index of refraction. This is 
really a ratio or comparison of the 
speed of light through the two sub- 
stances. The speed of light in air is 
about 186,000 miles per second and 
in water is about 139,500 miles per 
second. The ratio (index of refraction 
between air and water) is therefore 
186,000/139,500 or roughly 4/3. The 
higher this index, the greater the 
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Refraction caused by light passing from 
water to air. The torch in the water shines 
light through a comb and the fluorescent dye 
shows up the path of the rays. The new 
directions of the rays in air can be seen as 
they pass along a sheet of white paper. 


angle through which the light is bent. 
So diamond, which has an index of 
about 2°42 compared to air, will bend 
the light passed from air far more 
than water will. 
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HYDROGEN 


—the water producer 


IKE many other gases, hydrogen has no colour, no 
taste and no odour. What is so remarkable about it? 
Hydrogen is the lightest substance known: it weighs only 
one-fourteenth as much as an equal volume of air. It can 
be poured upwards from one jar to another. Because of 
its outstanding lightness it ought to be the best material 
for filling balloons. Unfortunately hydrogen has another 
remarkable feature—it is extremely inflammable. When 
hydrogen burns it combines with the oxygen in the air 
to form steam. At a very early stage in the Earth’s 
history the hydrogen in the atmosphere must have burned 
to make steam which eventually cooled and condensed 
to water. That was how the oceans were formed. 
Hardly any free hydrogen is left in the atmosphere 
today, for the tendency of hydrogen to combine with 
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The first ar Channel ‘crossing in 1875, was in a hydrogen-filled 
balloon. 
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JAR OF AIR > 


NO HYDROGEN 
LEFT IN THIS JAR 


JAR OF HYDROGEN 


The explosion in the ‘top’ container proves that the hydrogen has 
been poured upwards. 


oxygen is very strong. The product of this combination 
is the oxide of hydrogen—we know it better as water. 
In fact the name hydrogen means ‘water producer’. A 
mixture of hydrogen and air burns so rapidly that it ex- 
plodes. It is not the same as the explosion of a hydrogen 
bomb, but it is very much like the explosion which occurs 
when a match is struck in a gas-filled room. As a matter 
of fact hydrogen forms about 50% of ordinary coal gas. 

The risk of explosion and fire in hydrogen-filled air- 
ships is so great that these have become obsolete. But 
hydrogen is used for filling balloons which carry meteoro- 
logical instruments up into the atmosphere. 

A more important use of hydrogen is in the manu- 
facture of synthetic ammonia. Ammonia is really a gas 
and the liquid sold as ‘household ammonia’ is the gas 
dissolved in water. Fertilizers and nitric acid are among 
the valuable substances obtained from ammonia which is 
itself obtained from hydrogen and nitrogen (a gas which 
makes up # of the atmosphere). In the Haber process 
for making ammonia, hydrogen is mixed with nitrogen. 
Then the mixture of gases is compressed to about 960 of its 
original volume and passed over hot iron filings. The 
iron filings merely speed up the joining together of the 
hydrogen and the nitrogen. 

Another important use of hydrogen is in the manufacture 
of margarine and cooking fats. Vegetable oils from olives 
and ground-nuts are converted into fats by treating them 
with hydrogen. Again the joining together of the hydrogen 
and the oils is speeded up by the presence of metal 
filings. In this case the metal used is nickel. 

Hydrogen burns very readily in air. It burns even more 
readily in pure oxygen. By burning a mixture of hydrogen 
and oxygen in a special torch, temperatures around 
2400°C. can be obtained. At these fantastically high 
temperatures most metals melt. This fact is employed in 
the oxy-hydrogen welding and cutting of metals. 


to melt the steel. He wears goggles to protect his eyes. 


The uses of hydrogen listed opposite, with the addition 
of other less important applications throughout the world, 
require some 300,000 tons of hydrogen every year. 

Water is a readily available source of hydrogen. By 
passing a current of electricity through water (with a 
little acid added to make it a better conductor) it can be 
split up into hydrogen and oxygen gases. This is rather 
an expensive way of producing hydrogen but nevertheless 
it is used commercially. 

Most of the hydrogen used in industry is manufactured 
from water by the Bosch process. The water is first 
turned to steam which is blown over red-hot iron filings. 
The iron combines with the oxygen part of the steam 
(steam is of course hydrogen oxide, H,O) and the hy- 
drogen gas is released. The steam is followed by a blast 
of ‘water gas’ (a mixture of hydrogen and carbon mon- 
oxide gases obtained by blowing steam through white- 
hot coke). This makes the iron hot again and removes 
the oxygen that has combined with it. The process then 
begins all over again. 

Metals such as sodium and potassium, which are much 
more reactive than iron, will release hydrogen from water 
even when it is cold. A small piece of sodium metal 
dropped into water causes a violent reaction. The 
hydrogen produced catches fire and burns. 

In the laboratory hydrogen is generally prepared by 
pouring dilute hydrochloric acid over a metal such as 
zinc. All acids contain hydrogen and in most cases this 
can be released as a gas by replacing it with a metal. 

Hydrogen does not form many important compounds 
with metals. It isin many ways like a metal itself. Hydrogen 
passed over heated calcium metal reacts with it to form 
a colourless compound called calcium hydride or hydro- 
lith. This is a very convenient source of hydrogen for use 
in emergencies, because water dropped onto hydrolith 
breaks it up into slaked lime and hydrogen gas. 


The man ts cutting a steel girder with an oxy-hydrogen blowpipe. The burning of the hydrogen in oxygen produces temperatures high enough 
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It has already been mentioned that water, ammonia and 
all acids contain hydrogen. The number of hydrogen-con- 
taining substances is very large indeed because hydrogen 
will join with so many other elements. It has a strong 
tendency to join with carbon. The various products of 
this combination are called hydrocarbons and they are 


From oilto margarine 
by hydrogen 

Oil is heated in a closed 
vessel to about 200°C. A 
bubbling stream of hydrogen 
is fed through the oil which 
contains | % of nickel filings. 
The hydrogen combines with 
the oil and turns it into fat. 
The nickel is a catalyst which 
speeds up the reaction. It is 
filtered out afterwards. 


Water splitting by electrolysis into hydrogen and oxygen. 
The gas bubbles rise to the surface. Oxygen bubbles come from the 
wire connected to the positive terminal and hydrogen bubbles from 
the wire connected to the negative one. The experiment can be 
performed using salty water or water with a few drops of acid 
added. 


present in coal gas, petrol, paraffin wax, etc. Substances 
containing hydrogen, carbon and oxygen combined 
together are almost countless—they have a special 
‘organic’ branch of chemistry to themselves. Hydrogen 
occurs in a combined form in all living things. We do not 
breathe it, but we take it into our bodies as part of the 
food we eat. 
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| MAGNETISM 


MAGNETIC 
FIELDS 


A permanent record of the pattern of the lines of force shown by 
the iron filings can be kept if waxed paper is used. After the 
pattern has been obtained the paper is gently heated with a bunsen 
flame to melt the wax. The iron filings will be fixed in the wax 
when tt sets on cooling. 


The pattern obtained when two magnets are placed under the paper 
on which the iron filings have been scattered, (a) with two unlike 
poles together, (b) with two like poles together. 
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The pattern obtained with a horseshoe 
magnet. 
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The magnetic field extends all round the magnet, tt is not flat as the 

tron filings suggest. 
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‘THE power of attraction of a magnet is called magnet- 

dieses Any region near a magnet where the effects of 
magnetism (such as the deflection of a compass needle) 
can be detected is called a magnetic field. 

The field around a bar magnet can be seen as a pattern 
if a sheet of paper is laid over it and sprinkled with iron 
filings. The filings will move into lines when the paper 
is tapped. These ‘lines of force’, as they are called, 
show the path which a single north magnetic pole 
would take if it was free to move. The lines of force seem 
to begin on a north pole and end on a south pole. They 
represent the direction of the magnetic field. What they 
do not show, however, is that the magnetic field extends 
all round the magnet (see bottom diagram). The paper 
only shows the magnetic field in one plane. 

When a horseshoe magnet is laid flat underneath a 
piece of paper on which iron filings are scattered a similar 
pattern is obtained between the two poles with a less 
distinct pattern around the base of the ‘U’. Lines of 
force are crowded together between the poles, because the 
field there is intense. 

When two bar magnets are placed near each other with 
the north of one next to the south of the other (two un- 
like poles) and the paper on which iron filings are 
scattered is placed above and tapped, the filings form a 
pattern in which the lines of force are shown passing 
between the two poles (attraction). But when the two 
south poles or the two north poles are nearest each other 
(two like poles) the lines of force pass away from each 
other and swing at right angles away from the magnets 
(repulsion), leaving a space between the poles where 
there are no lines of force and no magnetic field. 
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Placing a piece of soft tron in the magnetic field brings the lines of force much closer to- 
gether, producing an intense field in the region of the piece of iron. 


FORCES 


SETTING A FLIGHT COURSE 


F a stationary archer fires an arrow at a target and his 

aim is true, he should score a ‘hit’, but if he fired the 
arrow from a galloping horse in exactly the same direction 
it would fly wide of the target. In the first case the 
flight of the arrow is governed by just one factor—the 
speed and direction given it by the bow (this is neglecting 
the force of gravity which pulls it towards the ground). 
But in the second case there is another factor involved 
—the speed and direction given the arrow by the moving 
horse. Now it is impossible for an object to move in 
two directions at once, so the actual path taken by the 
arrow shot from the horse is the result of the joint action 
of these two forces. Exactly the same speed and direc- 
tion of flight could have been given to the arrow by a 
single force instead of the separate forces (the bow 
and the moving horse) acting upon it at different angles. 
The single force which would produce the same result 
as a number of separate forces is called the resultant 
of the forces. Even if there are a dozen forces acting 
upon an object in different directions there will still 
be one force which would produce the same effect, i.e. 
there will still be a resultant. 

It is plain to see that when two forces acting upon an 
object in different directions are exactly equal the 
resultant of these forces (the single force that could 
replace them both) lies directly between them. But when 
the two forces are unequal it requires some simple 
geometry to work out the resultant. Taking the object as 
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The resultant of two unequal forces acting 
upon an object in different directions can 
be determined by the construction of a 
parallelogram. 


the starting point, two lines are drawn representing the 
directions of the two forces. The lengths of the lines are 
chosen so that they are in proportion to the two forces. 
Hence if one force was twenty pounds and the other force 
ten pounds, then one line should be twice as long as the 
other. The next step is to construct a four-sided figure 
using these two lines as two sides in such a way that 
opposite sides of the figure are parallel (such a figure is 
called a parallelogram). A line drawn from the object 
to the opposite corner of the parallelogram represents the 
size and direction of the resultant. 

The parallelogram method can also be used in finding 
the resultant of two velocities (speeds). For example, 
the actual velocity of an aircraft is governed by the 
speed and direction of its forward movement and by 


AD represents the course and speed which, 
combined with the wind speed and direction 
(AB), will produce the resultant AC and 
take the aircraft to its target. 


During the war navigators often had to rely entirely upon the 


course they had marked out. Nowadays, with modern scientific 
aids, tt is computed automatically. 


AE represents the course the aircraft 
would have taken if the navigator had set 
his course in the exact direction of the 
target. 


the direction and speed of the wind. The navigator must 
allow for the amount the wind will drift the aircraft 
off course. In other words, he must set a course and 
speed which, combined with the wind speed and direction, 
will produce the desired resultant—a line pointing 
straight towards his target. This can be done by con- 
structing a parallelogram (see above) in which the wind 
speed and direction form one side of the figure (AB) 
and the speed of the aircraft and the direct course to 
the target the resultant of the figure (AC). By com- 
pleting the parallelogram the navigator can see the 
course and speed (AD) which, combined with the speed 
and direction of the wind, would give the desired re- 
sultant (AC) and this is the course he must set in order 
to reach his target. 
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F you pluck a taut string it will vibrate and make a 

sound. The vibrating string pushes and pulls the sur- 
rounding air which, in turn, pushes and pulls the air 
beyond and in this way the vibrations are transmitted 
through the air to our ears as sound. 

The vibrating string is like a moving vehicle; it com- 
presses the air in front of it and creates a partial vacuum 
in the rear. But the air in front will not stay compressed 
for very long. It rapidly expands, and with such a 
force that it compresses the air in front. This in turn 
does the same thing to the air beyond. In this way a 
wave of compressed air travels away from the string, 


Moving in one direction (left) a vibrating string compresses the 
air in front of it and creates a partial vacuum in the rear. Moving in 
the opposite direction (right) it does exactly the same thing. The 
waves of compression are transmitted through the air away from 


the vibrating string (below). 


rather like a rattling and banging noise runs along a 
line of stationary wagons when they are suddenly pushed 
by a locomotive (except that waves of compression travel 
outwards in all directions in the air). 

The molecules of air (the smallest possible pieces of the 
gases which make up air) do not have to travel very far in 
order to compress the air in front of them, so it is not the 
actual molecules of air that travel from the vibrating 
string to our ears, simply the waves of compression. 

The actual sound waves (waves of compression) travel 
very quickly through the air. Their speed is approxi- 
mately 760 miles per hour at sea level in air at15 °C. 
This figure varies with the temperature of the air (this 
affects the ease with which it can be compressed), the 
amount of water vapour it contains and, above all, with 
height (for the density of the air decreases with height). 
At a height of 50,000 feet the speed of sound is 660 
miles per hour. 
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You can measure the speed at which sound travels for 
yourself with a fair degree of accuracy. If a large gun 
is fired at night, say six miles away, you will see the 
flash almost immediately, for light travels at a tremendous 
speed, but it will be about 30 seconds before the noise 
of the explosion reaches you. If the distance of the 
gun is known and the time taken for the sound of the 
explosion to reach you measured with a stopwatch, it is 
a simple matter to calculate the speed at which the sound 
waves have travelled: 

6 miles in 30 seconds=120 x6 miles in 1 hour=720 
miles per hour. 

Sound can also be transmitted through a liquid or a 
solid in the same manner as through air. Sound waves 
travel faster through solids and liquids than they do 
through gases. Their speed depends mainly upon the re- 
sistance of the substance to compression and the weight of 
its molecules. The heavier its molecules the greater the 
effort needed to move them, so the slower they will travel, 
while the more resistant they are to compression the faster 
they will recover after being compressed. Iron, for 
instance, is much heavier than air but its resistance to 
compression is even greater and, on balance, sound waves 
travel almost fourteen times faster through iron than they 
do through air. A liquid is heavier than air, but, once 
again, it is much more resistant to compression. Sound 
waves travel faster in a liquid than in a gas but not as 
fast as they do in a solid. In water, for instance, they 
travel four times faster than in air. 

Being able to calculate the speed at which sound waves 
travel through various substances has many practical 
uses. Lighthouses sometimes send out a siren blast 
simultaneously with a flash of light. An observer on a ship 
only has to record the time taken by the sound to reach 
him and he can calculate the distance of his ship from 
the lighthouse. The sound is taken to start on its journey 
at the same time as the observer sees the flash of light, the 
time taken by light to cover a distance of, say, fifteen 
miles being too small to bother about. 

As they travel outward from the source of vibration the 
waves of compression gradually die out. This is another 
way of saying the greater the distance the fainter the 
sound. What happens is that the work done by molecules 
moving other molecules warms them up and in this way 
uses up the energy given them by the source of vibration. 
Another thing to be taken into account is that compression 
waves spread out in all directions so the initial energy 
given by the vibrating body must be used to move an 
ever increasing number of molecules of air. 


A ship can calculate its distance from a lighthouse by means of a 
stren blast and flash of light sent out simultaneously. 
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Atoms can be transmuted by firing streams of particles into them. The cyclotron illustrated here is used for speeding up such particles. 


Transmutation of ELEMENTS 


HE ambition of the alchemists, dating back to ancient 

Egypt, was to change cheap metals, such as lead, into 
gold. Although alchemy was mixed up with magic and 
astrology, it did produce some useful and genuine 
scientific experiments. The alchemists have in fact been 
called the forerunners of modern chemists. But in every 
case they failed in their attempts to change, or ‘transmute’, 
metals into gold. 

Gold is one of the g2 substances found in Nature which 
cannot be broken down into a simpler substance. In other 
words, it is one of the elements. Now elements can com- 
bine together to give products (compounds) which are un- 
like the elements they contain, and compounds can usually 
be split up into their elements by simple chemical re- 
actions. But no element can be changed into another by 
any kind of chemical reaction. When elements react to- 
gether changes take place in the outermost parts of their 
atoms: the central parts of the atoms are not changed. 
An atom of gold, like the atoms of other elements, con- 
sists of a central core surrounded by a whirling cloud 
of electrons. Electrons are minute particles, negatively 
charged with electricity. When atoms combine together 
in a chemical reaction there is a change in the arrange- 
ment of outer electrons but no change takes place in the 
cores of the atoms. 

The core of an atom is known as its nucleus (plural: 
nuclei). It consists of a tightly bound mixture of two kinds 
of particles called protons and neutrons. Protons are 
positively charged with electricity. Neutrons are un- 
charged particles which weigh roughly the same as pro- 
tons. As well as contributing to the weight of an atom, the 
neutrons help to hold the protons in the nucleus. They do 


not govern the chemistry of the atom. It is the protons 
which are responsible for the difference between one ele- 
ment and another. The number of protons in the nucleus of 
each of its atoms gives the atomic number of an element. The 
simplest atom, that of hydrogen, has just one proton in its 
nucleus. The atomic number of hydrogen is therefore 1. 
The atomic number of gold is 79. Every atom of gold has 79 
protons in its nucleus, but no atom of any other element 
has 79 protons in its nucleus. If the nucleus of an atom can 


RUTHERFORD’S TRANSMUTATION (NITROGEN INTO OXYGEN) 
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ALPHA NITROGEN OXYGEN EJECTED 
PARTICLE NUCLEUS NUCLEUS PROTON 
7 PROTONS 8 PROTONS 
7 NEUTRONS 9 NEUTRONS 


TRANSMUTATION IN WHICH THE NEUTRON WAS DISCOVERED 


ALPHA BERYLLIUM CARBON EJECTED 
PARTICLE ee rood: S eke ais NEUTRON 


PROTONS 6 PRO 
5 NEUTRONS 6 NEUTRONS 


be modified in some way so that it ends up with 79 protons, 
that atom will become an atom of gold. To transmute one 
element into another the nuclei of atoms must be altered. 
A chemical reaction affecting only the outer parts of atoms, 
therefore, cannot change one element into another. 
From the time of Lavoisier, a great French chemist of 
the eighteenth century, until the discovery of radio- 
activity some sixty years ago it was generally agreed that 
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FLUOR- 
ESCENT 
SCREEN 


elements could not be ‘transmuted’ under any circum- 
stances. The discovery of radioactivity, however, changed 
this idea, for it was soon realised that a radioactive 
substance is all the while transmuting itself into some- 
thing else. Radium, for example, is an element. It throws 
out streams of particles from the cores of its atoms and 


actually changes into another element called radon. 
Radium is a metal, chemically similar to barium; radon 
is an inert gas, similar to krypton. This is an example 
of natural radioactive transformation and will be discussed in 
a future article. 

The first transmutation of an element that is not radio- 
active was brought about in 1919 by Lord Rutherford. 


TUBES FOR 
FILLING 
CYLINDER 


WITH 
NITROGEN 
GAS 


SLIDING ROD 
TIPPED WITH 
POLONIUM 
(THE SOURCE OF 
ALPHA PARTICLES) 


The apparatus used in this experiment is illustrated on 
this page. Alpha particles thrown out during the natural 
break-up of polonium were allowed to pass through 
nitrogen gas in a closed cylinder. (An alpha particle con- 
sists of two protons merged with two neutrons.) At one end 
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of the cylinder was a screen coated with chemicals that 
fluoresced when struck by alpha particles. The sample of 
polonium was mounted on the tip of a rod passing through 
the end of the cylinder opposite the fluorescent screen. By 
moving the rod backwards and forwards, Lord Rutherford 
was able to position the polonium so that the alpha 
particles it emitted just failed to reach the fluorescent 
screen. Even so, flashes of light appeared from time to time 
on the screen. The flashes must have been caused by par- 
ticles with a longer range than the alpha particles. They 
were in fact caused by protons. Where had the protons 
come from? When the reaction was investigated more fully 
about four years later, it was deduced that the protons 
were thrown out when the nitrogen atoms (or, to be pre- 
cise, the nuclei of nitrogen atoms) each captured an alpha 
particle. Such captures occurred very infrequently. But 
the astonishing fact remains that in order to throw out 
protons, nitrogen nuclei (containing 7 protons) had 
changed into oxygen nuclei (containing 8 protons). 

The transmutation of nitrogen into oxygen is pictured 
on page 129. An alpha particle consists of 2 protons and 
2 neutrons, a nitrogen nucleus consists of 7 protons and 7 
neutrons. If an alpha particle is absorbed into a nitrogen 
nucleus it makes a total of g protons and g neutrons. From 
this total, 1 proton is immediately ejected, leaving a 
group of 8 protons and g neutrons—in other words, an 
oxygen nucleus. This was the first artificial transmutation 
of one element into another. 


Particles used for bom- 
barding nuclei 


PROTON positively charged 
particle which forms the 
nucleus of a hydrogen atom. 


NEUTRON uncharged (neu- 
tral) particle which has 
same mass as the proton. 


DEUTERON a proton merged 
with a neutron; it has same 
positive charge as the pro- 
ton but is twice as heavy. 


ALPHA PARTICLE two pro- 
tons merged with two neu- 
trons; it has twice the positive 
charge of the proton but is 
four times as heavy. 


Left: The apparatus with which Lord 

< Rutherford (inset) performed the first arti- 
futal transmutation. In the brass cylinder 
alpha particles from a radioactive source 
broke up atoms of nitrogen. Some nitrogen 
atoms were transmuted into oxygen as 
pictured on page 129. 


During the past thirty years scientists have designed 
and constructed apparatus for speeding up electrically 
charged particles, mainly alpha particles, protons and 
deuterons (a deuteron is a proton merged with a neutron), 


An experimental nuclear reactor 
in which neutrons, released 
during the break-up of uranium, 
are used for transmuting 
elements. The thick concrete 
shield has been cut away to 
Show the uranium fuel- 

rods and the tunnels (right) 
through which the matertal 

to be bombarded with neutrons 
is inserted into the reactor. 
Many valuable radio-tsotopes 
are produced in this kind of 


apparatus. 


which can then be hurled like a stream of bullets into 
atomic nuclei. Particle accelerators, as these devices are 
called (including the cyclotron, best known of all ‘atom 
smashers’), will be described in future articles. With the 
aid of these particle accelerators it has been possible to 
transmute many elements. But the quantities that have 
been transmuted are, as a rule, extremely minute. 
Neutrons, although they cannot be accelerated because 
they are not electrically charged, are often used for bom- 
barding nuclei. Neutrons are released by the splitting of 
uranium atoms in an atomic reactor, and substances to be 
transmuted are placed inside the reactor where they have 
a good chance of capturing neutrons. ‘Radio-isotopes’, 
artificial radioactive substances, are made in this way. 
They are for some purposes (such as the treatment of 
cancer) as efficient as natural radium and far cheaper. 
Neutrons are also produced in certain transmutations. It is 
interesting to note that the neutron was actually dis- 
covered as a result of the transmutation of beryllium into 
carbon pictured on page 129. 

Until artificial transmutation became a practical possi- 
bility only 92 separate elements were known and twoof these, 
promethium and technetium, had never been isolated. 
These two were discovered among the variety of elements 
into which atoms of ‘uranium 235’ (i.e. g2 protons and 143 
neutrons, making a total of 235 particles in each nucleus) 
are transmuted when they are bombarded with neutrons. 
Elements whose atoms contain more than g2 protons do 
not occur in Nature. Up to now eleven such elements have 
been produced in the laboratory. They are known as trans- 
uranic elements since they come after uranium in the 
periodic table (a list of the elements arranged in order 
according to the number of protons each contains). All of 
them are unstable and their tendency to break up into 
other elements explains why none of them is found in 


Nature. When ‘uranium 238’ atoms (i.e. 92 protons and 
146 neutrons, making a total of 238 particles in each 
nucleus) are bombarded with neutrons in an atomic re- 
actor they change into ‘uranium 239’ atoms (i.e. 92 pro- 
tons and 147 neutrons, making a total of 239 particles in 
each nucleus). This isotope of uranium throws out beta 
particles (it is naturally radioactive) and turns into an al- 
together new element called neptunium (93 protons in 
every nucleus). Neptunium is also radioactive. It throws 
out beta particles and turns into another new element 
called plutonium (94 protons in every nucleus). Trans- 
uranic elements are also produced by bombarding uranium 
238 with fast alpha particles in a particle accelerator 
(cyclotron). When a uranium 238 atom captures an alpha 
particle it is transmuted into an atom of plutonium. Plu- 
tonium (94 protons in every nucleus), like all the trans- 
uranic elements, is radioactive. It is the only one which has 
ever been prepared in any appreciable quantity; no more 
than minute traces of the others have been produced. The 
transuranic elements einsteinium (99 protons) and fer- 
mium (100 protons) were first found in the debris from a 
hydrogen bomb explosion. They have since been produced 
by transmutations using particles accelerated in a cyclo- 
tron. Nobelium (102 protons) and lawrencium (103 pro- 
tons), the most recently discovered transuranic elements, 
have been produced using the nuclei of moderately heavy 
atoms (e.g. boron and carbon) accelerated in a cyclotron as 
the ‘missiles’ for causing transmutations. As well as the ele- 
ments mentioned, the list of transuranic elements includes 
americium (95 protons), curium (96 protons), berkelium 
(97 protons), californium (98 protons), and mendelevium 
(101 protons). 

The alchemists failed to change metals into gold. With 
the aid of atomic reactors and atom-smashing machines, 
modern nuclear physicists have succeeded where the al- 
chemists failed. In 1941 nuclear physicists at Harvard 
University bombarded the metal mercury with neutrons. 


Mercury atoms (80 protons in every nucleus) which cap- 
tured a neutron were transmuted into gold atoms (79 pro- 
tons in every nucleus). But, needless to say, it would be 
very much cheaper to buy gold from a bank than to pro- 
duce it in this way. 


131 


DYNAMICS 


HOW FAST DOES IT FALL ? 


< 


BJECTS move because a force is 

acting on them, pushing or pulling 
them. They fall because the force of 
gravity pulls them towards Earth. 
Forces tend to make objects acceler- 
ate (speed up), and gravity is no 
exception. A stone dropped over a 
cliff, for example, accelerates at 
roughly 32 feet per second per second. 
This means that each second the 
stone moves 32 feet per second faster 


North Pole 


London 


32°26 


heavy they are, they all (with the 
exception mentioned below) fall at 
the same rate. The famous Italian 
scientist Galileo is reputed to have 
proved this by dropping a heavy 
cannon ball and a light musket ball 
at the same time from a high wall. 
Both the objects arrived at the ground 
at the same time. 

Resistance of the air is the main 
reason why some objects fall faster 


Equator Washington 
32-09 32°15 


Acceleration of falling bodies due to gravity varies with latitude (distance from the 
equator) and with altitude. At sea-level in London the acceleration is 32-19 feet per second 
per second (or, in metric units, 981-18 centimetres per second per second). At the North 
Pole it is 32:26 feet per second per second (983-21 centimetres per second per second). 
At sea level at the equator it is 32-09 feet per second per second (978-04 centimetres per 
second per second). At sea level in Washington it is 32:15 feet per second per second 


(980-08 centimetres per second per second). 


than thesecond before. The easiest way 
to explain this is to consider how fast 
the stoneis travelling at different times. 

To begin with the stone is stationary 
at o feet per second. At the end of 1 
second it is travelling at 32 feet per 
second per second. At the end of 2 
seconds it moves at 64 feet per second, 
at 3 seconds 96 feet per second and 
so on. In fact every second it travels 
32 feet per second faster. 

One of the important points to note 
about falling objects is that however 


Two similarly shaped objects of different weights 
fall at the same rate. Their air resistance will slow 
them down the same amount. 


than others. A feather, for example, 
floats slowly downwards because it 
has a relatively large surface for the 
air to act on. A smooth, pointed 
bullet will fall faster than a feather 
because it cuts cleanly through the 
air. 

Because of the air resistance ex- 
perienced by all objects as they fall 
the acceleration will always be 
slightly reduced. Only in a vacuum 
are the figures quoted above exactly 
true. 


Objects of different shapes, which set up a different 
resistance to the air, will accelerate at different 
rates, even if they are of the same weight. 


No matter how heavy the object dropped (from the top of the skyscraper) its speed increases in each second by 
roughly 32 feet per second. At the end of the first second its speed is 32 feet per second but its average speed 
during the first second is only 16 feet per second since it started off with no speed. Therefore it falls 16 feet in the 
first second. At the beginning of the second second its speed is 32 feet per second. At the end of the second second 
its speed has increased to 64 feet per second. Its average speed in the second second is 48 feet per second. There- 
fore it falls 48 feet in the second second. At the beginning of the third second its speed is 64 feet per second. At 
the end of the third second its speed has increased to 96 feet per second. Its average speed in the third second is 
80 feet per second. Therefore it falls 80 feet in the third second. 


SCIENTIFIC INSTRUMENTS 


Measuring We 


EATHER is the day to day con- 

ditions of the atmosphere at a 
certain place with regard to tempera- 
ture, pressure, wind, cloud, humidity 
(dampness) and rainfall. The tools of 
the meteorologist (the study of 
weather is called meteorology) are the 
instruments which enable him to 
measure these various factors and 
build up a ‘picture’ of the weather. 
Weather forecasting is based upon a 
number of such ‘pictures’ from a wide 
surrounding area. 

The thermometers used to measure 
air temperature are usually of the 
simple mercury type. These are based 
upon the fact that mercury expands 
at a fixed rate when heated. As it 
expands it rises up out of a bulb into 
a graduated glass tube, out of which 
most of the air has previously been 
drawn (to make room for it). Where 
the temperature is liable to fall below 
the freezing point of mercury (about 
—go°C.) an alcohol thermometer 
must be used instead (alcohol has a 
lower freezing point than mercury). 
But under normal conditions the mer- 
cury thermometer is the better of the 
two since alcohol tends to stick to the 
glass slightly and this can lead to gaps 
appearing in the column of liquid. 

Atmospheric pressure is the pres- 
sure exerted upon a point due to the 
weight of air above it. This is one of 
the most important factors in weather 
forecasting, for it is differences in 
atmospheric pressure that produce 
‘highs’ and ‘lows’ together with 
their associated weather. Barometers 
measure atmospheric pressure. The 
mercury barometer looks rather like 
a gigantic thermometer. It consists 
of a glass tube, sealed at one end, 
standing upright in a mercury-filled 
container, with its open end below 
the surface of the liquid. Because 
the air has previously been removed 
from the tube, normal atmospheric 
pressure forces the mercury up it to a 
certain height (almost thirty inches). 
Any slight variation in pressure will 
alter the height of the column of 
mercury. 

The aneroid barometer is the type 
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ANEROID 
BAROMETER 


often seen in homes. It contains a 
small metal box out of which most of 
the air has been drawn. The box has 
a flexible lid to which a lever is 
attached. Changes in atmospheric 
pressure move the lid and its lever, 
which in turn moves a pointer across 
a dial. 

Wind direction can be indicated 
by a simple wind vane, but the 
measurement of wind speed requires 
a more complicated instrument, called 
an anemometer. One of the most 
common types (cup-contact anemo- 
meter) relies upon metal cups being 
spun by the wind. The rotation is 
connected to a _ recording device 
where the number of revolutions in 
a given time is translated into miles 
per hour. 

The rain gauge is one of the simpler 
meteorological instruments. One type 
consists of a metal collecting tube 
leading down into a cylinder. A 
reading can be obtained of the 
amount of rainfall received over a 
given period by lowering a graduated 
‘dip-stick’ into the cylinder. 

The humidity of the air is the 
amount of water vapour it contains. 
Instruments designed to measure 
humidity are called hygrometers. One 
type of hygrometer, the psychrometer, 
consists of two thermometers mounted 
side by side. One records the actual 
air temperature while the other, 
whose bulb is covered with a piece of 
damp material and cooled by evapo- 
ration, indicates a lower temperature. 
The relative humidity of the air (the 
amount of water vapour it holds 
expressed as a percentage of the 
amount it could hold at that tempera- 
ture) can be calculated from the 
difference in the two readings. If, for 


3 CUP-CONTACT ANEMOMETER 
MEASURING 
STICK 


RAINFALL GAUGE 


HYGROMETER 
FORTIN BAROMETER 

(FOR ACCURATE READING THE LEVEL OF THE 
MERCURY IN THE CYLINDER MUST BE ADJUSTED 
TO COINCIDE WITH THE IVORY POINT). 


instance, the air was saturated; i.e. if 
it could hold no more water in the 
form of vapour, no evaporation would 
take place from the ‘wet-bulb’ ther- 
mometer, hence no cooling, and both 
thermometers would indicate the 
same temperature. The relative humi- 
dity of the air in this case would be 
100 per cent. The lower the humidity 
of the air the greater the evaporation 
from the wet bulb thermometer, 
hence the greater the cooling and 
the lower the temperature it will 
indicate in relation to the normal dry 
bulb thermometer. 

Humidity is a far more important 
factor in the tropics than it is in tem- 
perate latitudes for the warmer the 
air the greater the amount of water 
vapour it can hold without becoming 
saturated. In Britain, for instance, a 
high relative humidity can produce 
‘muggy’ weather, but the same rela- 
tive humidity in a body of warm, 
stagnant, tropical air could produce 
conditions resembling a Turkish bath. 
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| MAGNETISM 


(a) 


Permanent and temporary magnets 
compared. (a) Bar magnet and its 
(invisible) lines of force. (b) When a 
small iron bar is put near one of the 
poles, it is drawn towards the 
magnet (c). 


As with the bar magnet, so with the 
solenoid when a direct electrical 
current is passed through it. The 
lines of force (d) are similar, and the 
iron bar is affected (e and f) in the 
same way as with the bar magnet. 


PERMANENT 


The magnetic force of the energised 
solenoid is considerably increased if a soft 
iron core or rod is placed inside the coil. 
The increased power can attract an tron 
bar from much further away than would 
be possible without the core. 
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TEMPORARY 


MAGNETS 


SOLENOIDS 


—Magnetic Workhorses 


HE power of a permanent magnet 

is extremely useful to the engineer. 
It is, however, outshadowed by the 
(temporary) electromagnet in the 
great variety of tasks it can perform. 
The electromagnet can be switched 
on and off at will, and consists basi- 
cally of a solenoid. 

A solenoid is a coil of wire. When 
an electrical current is passed through 
it a magnetic field is created around 
it, so that it acts in exactly the same 
way as a bar magnet. When the 
current is switched off, the solenoid 
loses its magnetism entirely. The 
strength of the magnetic field inside 
the energised solenoid depends on the 
number of turns in the coil, and on 
the strength of the electrical current 
passed through it. The more turns, 
and the greater the current the more 
powerful will be the magnetic field. 

It has been found that if a core 
(rod) of soft iron or magnetic metallic 
alloy is placed inside the solenoid, 
the magnetic force is considerably 
strengthened. 

Like all magnets the electromagnet 
has two poles, north and south. Their 
positions depend on the direction of 
current through the solenoid. The 
following is a simple rule. Looking 


at one end of the coil, if you know 
the current is travelling clockwise 
round it the south pole of the electro- 
magnet is the end nearest to you. If 
the current moves anti-clockwise the 
north pole is at the near end. 

Solenoids used as electromagnets 
have a wide variety of uses. They 
can be employed as switches to be 
operated by remote control. They are 
extremely important in electric 
motors and generators and in very 
many kinds of electrical apparatus. 
Just one simple example—the use of 
a solenoid as a door-bolt—is shown 
on the opposite page. A bar is fixed 
at an angle to the bolt mechanism of 
the door, the whole swinging on a 
pivot. Normally the bolt is held in 
position by the pull on the spring. 
When the solenoid is energised, how- 
ever, the lower bar is pulled towards 
it (by the attraction of the temporary 
magnet). The bolt is thus moved 
away from the door which can be 
opened. Door bolts working on this 
principle are often used where a 
number of flats share a single locked 
street door. The door can be unbolted 
by the tenants (in answer to the 
visitor’s bell) without actually leaving 
their flats. 


UNLOCKED \ 
POSITION a: 
OF BOLT 


LOCKED 
POSITION OF BOLT 
HOLDING A DOOR 
CLOSED 


SPRING 


A solenoid used for moving the bolt 
on a door by remote control. An 
electrical current from the battery is 
passed through the coil when a switch 
ts pressed by the tenant of the flat 
(see description in text opposite). 
The coil becomes an electro-magnet 
attracting towards it the pivoted 
bar which in turn unfastens the bolt 
on the door. When the electrical 
contacts in the switch are moved 
apart again (off), the current no 
longer flows through the coil. The 
bar returns to its normal position, 
moved by a spring, and the bolt is 
fastened on the door once again. 


SOFT IRON CORE 


SOLENOID (THERE 
WOULD IN FACT BE 

MORE TURNS IN COIL 
THAN THIS) 


SWITCH 


Two Ways of Finding the 
Poles of an Electro-magnet 


(a 


(a) Looking at one end of the solenoid 
when the current moves clockwise 
round the coil, the near end is the 
south pole of the electromagnet. 


ELECTRON 
FLOW 


(b) The Left Hand Rule. Pretending to 
grasp the coil in your left hand so 
that the fingers point in the direction 

of the current, extend the thumb 
along the coil as shown in the dia- 
gram. It points towards the electro- 
magnet’s north pole. 


PLUG TO 
BATTERY 
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CYCADS CONIFERS 


GINKGOS 


CLUBMOSSES 


HORSETAILS 


| BIOLOGY | 


The Classification of PLANTS 


HERE are nearly 350,000 different 
kinds or species of plants. No two 
plants are exactly alike. One fir tree 
will always differ slightly in shape 
and height from another, yet two fir 
trees are more alike than a fir tree 
and an oak tree. Amongst the many 
different kinds of plants some are 
more alike than others. The dif- 
ferences and likenesses are used to 
place them into groups which may 
be subdivided many times, the mem- 
bers of a sub-group having more 
features in common than the members 
a lei of a group. In a similar way a batta- 
lion in the army is divided into com- 
panies, a company into platoons and 
each platoon into sections. 

A classification is necessary so that 
the relationships of the many kinds of 
plants are understood. 

Besides taking into account the 
plants living today any system of 
classification must include plants 
which are now extinct. From the 
many fossils which have been found 
the ancestry and the relationships of 
the various plant groups have become 
much clearer. The plant kingdom 
may be divided into four main 
groups, the Thallophyta (algae and 
fungi), the Bryophyta (mosses and 
liverworts), the Pteridophyta (ferns 
and fern-like plants) and the Sperma- 

phyta or seed-bearing plants (i.e. 
LANACEAE . . 
Woody Nightshade angiosperms or flowering plants and 
gymnosperms). Another classification 
recognises only three main groups 
placing the Pteridophyta and Sperma- 
phyta into the one group Tracheo- 


RANUNCULACEAE 
Buttercup 


ROSACEAE 
Rose 


PRIMULACEAE 
Primrose 


COMPOSITAE 
Dandelion 


LILIACEAE ORCHIDACEAE phyta or vascular plants (ive. plants 
with a system of veins for carrying 
eee food and water from one part of the 


plant to another). 

Each person has a christian name 
and a surname and plants are named 
in a similar way except that the plant 
‘surname’ comes first. Each kind of 
plant (and animal too) has two Latin 
names, the first is its genus ranking, 
the second its species ranking. Closely 
er related species all belong to the same 
rT genus. Thus the different kinds of 
buttercup all belong to the genus 


AMARYLLIDACEAE 
Daffodil 


137 


THALLOPHYTA 


Bacteria—minute single-celled plants, usually 
colourless, though some may be yellow, red or 
blue. Largest are only 5,455 inch in diameter. 
Each consists of a cell wall inside which is the 
jelly-like protoplasm called cytoplasm. Particles 
in this perform the tasks of the nucleus in higher 
plant and animal cells. 


Algae—a large group including types which 
range from tiny single-celled forms to giant 
seaweeds. All possess chlorophyll though this 
may be masked by other pigments as in the 
brown seaweeds, for example. They have no 
roots, leaves, flowers or seeds and most live in 
water. 


Fungi—simple plants which lack chlorophyll 
and so live as parasites on other living things 
or as saprophytes on decaying plant and animal 
remains. Generally speaking the ‘body’ of the 
fungus consists of a loose network of delicate, 
branched threads. These may be divided into 
cells which contain one or two nuclei or may 
be undivided and contain many nuclei. Most 
fungi reproduce by producing single-celled 
structures called spores, each of which may grow 
into a new plant. 


BRYOPHYTA 


Mosses—small, green plants with a definite 
stem which bears rows of tiny undivided leaves 
having no stalks. The leaves have a thick- 
ened central region, the midrib. Some mosses 
grow upright and feathery, others grow flat to 
the ground. The bottom of the stem usually 
forms a rhizome on which are small hairs or 
rhizoids serving as roots. The stem nearly 
always contains a fluid conducting strand. 
Moss plants produce spores in special stalked 
capsules. The spores sprout and grow into 
plants which produce male and female organs. 
The fertilized eggs grow into new capsules 
and the cycle is repeated. 


Liverworts—small green plants which, like 
mosses, produce male and female organs in 
definite parts. The plant body is a flat, leaf- 
like structure which may be forked many times. 
Tiny hairs called rhizoids on the underside of 
this absorb water and anchor the plant. Some 
‘leafy’ types resemble mosses but the leaves are 
usually divided into lobes. The leaves generally 
lack a midrib. Life cycle similar to mosses. 


PTERIDOPHYTA 


Clubmosses—vascular plants with stems, roots 
and leaves. The vascular system takes the form 
of a solid cylinder in the centre of the stem made 
up of alternating bands of food and water con- 
ducting vessels. The leaves are small and clothe 
the branching stems. Spores are produced in 
cones which are usually at the tips of the stems. 
They may be of two kinds (i.e. male and female) 
or of one kind. In the latter case the young 
sexual plant which grows from the spore pro- 
duces male and female cell-producing organs. 
In the former sperm from the male spores 
fertilize the egg cells in the female plant and 
the fertilized structure grows into a spore- 
forming plant. 


Ferns—vascular plants typically with large 
divided leaves which bear spore-forming organs. 
Spores are shed and develop into plants which 
bear male and female organs. Stem often small 
and may form an underground rhizome which 
bears roots. 


Horsetails—green, vascular plants. Unlike the 
clubmosses, they have jointed stems on which 
the leaves are arranged in whorls at the joints. 
The part of the stem underground forms a 
rhizome which bears roots. Certain stems bear 
cones which produce only one kind of spore. 
The spores grow into plants which produce 
male sperm- and female egg-producing organs. 
The fertilized egg cell grows into a spore 
producing plant. 
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Ranunculus. One species is called 
Ranunculus repens, another Ranunculus 
acris and a third Ranunculus bulbosus. 
The latin names may appear cumber- 
some and hard to pronounce but they 
are standard throughout the world. 
Common names not only vary locally, 
but from country to country and may 
be the same for completely different 
plants in different regions. All the 
species of the genus Ranunculus have 
certain features in common. The 
flowers have a calyx and a corolla, 
many stamens, the fruit is made up 
of many achenes (dry, one-seeded 
fruits) and each petal has a pocket- 
like nectary at its base. The species 
differ in such respects as the shape 
of the leaves, stems and roots. Closely 
related genera are grouped into 
families. For example Ranunculus, 
Clematis (e.g. Old man’s beard), 
Caltha (e.g. Marsh marigold) and 
Anemone are grouped in the family 
Ranunculaceae. Related families are 
arranged into orders or cohorts. Thus 


y COROLLA (petals) 


Ranunculus 
acris 


Ranunculus 
repens 


«CALYX (sepals) 


SPERMAPHYTA 


Gymnosperms—vascular plants with roots, 
stems and leaves which produce seeds in cones. 
The seeds are naked (i.e. not enclosed in an 
ovary), unlike those of the Angiosperms or 
flowering plants. The fertilized female egg cell 
is retained in the female cone and develops 
there. The young plant or embryo therefore 
spends its early ymin protected and 
supplied with food by the parent before it is 
released in the seed. 

Ginkgos—only present-day survivor of this 
group is the maidenhair tree. This Gymnosperm 
differs from Cycads in its tree-like form and 
does not have the usual type of cone. The 
seeds are stalked and have a fleshy covering. 
Its broad leaves are divided into two. 
Cycads—Gymnosperms which resemble palm 
trees and tree ferns. They have a crown of fern- 
like leaves at the top of the stem which is usually 
unbranched and may be short, partly above and 
partly below ground, or may reach a height of 
thirty feet or more. The stems are vascular 
and very pithy. Each plant has a tap-root system. 
Male and female cones are found on separate 
trees at the top of the stems. Pollen from the 
male fertilizes the ovules in the female cone. 
The fertilized ovules form seeds. 


(Note differences in ieaf shape and 
division, position of sepals, roots, etc.) 


the Ranunculaceae are in the order 
Ranales and this order, with others, 
forms the class Dicotyledons of the 
sub-division Angiosperms. As_ the 
illustration shows, the Angiosperms 
or flowering plants are divided into 
two classes, the Monocotyledons and 
the Dicotyledons. The latter are 
herbs or woody plants in which the 
vascular system of the stem forms a 
ring in cross-section, the young plant 
in the seed has two cotyledons (seed 
leaves) and the leaves are net-veined. 
The flower parts are usually multiples 
of four or five. The Angiosperms are 
a sub-division of the Division Sperma- 
phyta, the seed-bearing plants. 

The classification of Ranunculus 
repens may be written:— 


Division: Spermaphyta 
Sub-division : Angiosperms 
Class : Dicotyledons 
Order : Ranales 

Family : Ranunculaceae 
Genus : Ranunculus 
Species : repens 


Ranunculus 
bulbosus 


SPERMAPHYTA 


Conifers—woody Gymnosperms. The seeds are 
naked on cones and not enclosed in a seedbox. 
The leaves are very small and often needle- 
like. Most conifers are evergreen. They have a 
well-developed vascular system and all parts 
contain tubes called resin canals. Male and 
female cones usually occur on the same plant. 
Pollen produced in the male cones fertilizes the 
female ovules which form seeds. 


Angiosperms—vascular plants with flowers 
and fruits as well as roots, stems and leaves. 
The seeds are formed in seedboxes. The vascular 
system is better developed than in any other 
plants. 


Monocotyledons—Angiosperms in which the 
leaves are usually parallel-veined, the seeds 
have one seed ef (cotyledon) and the veins or 
vascular system are scattered through the stem. 
i cele parts generally in threes or multiples of 
three. 


Dicotyledons—Angiosperms in which the 
leaves are usually net-veined, the seeds have 
two seed leaves, the veins form a ring in a cross- 
section of the stem. Flower parts are generally 
in four or five or multiples of four or pa 


CHEMICAL REACTIONS 


Chemical Gombination 


CHEMICAL change is one in 

which some new chemical is 
formed. The simplest chemical com- 
binations are of the type where two 
atoms join together to form a mole- 
cule of a compound. The compound 
formed differs in appearance and in 
the way it behaves to the elements 
from which it is made. The com- 
monest examples of this are when 
substances burn. When a piece of 
wood, which is mainly carbon, burns 


ATOM OF 
OXYGEN 


ATOM OF 
MAGNESIUM 


24 UNITS 


The weight of a molecule of magnesium oxide is the weight of a magnesium atom plus the 


weight of an oxygen atom. 


in air, each atom of carbon combines 
with a molecule (2 atoms) of oxygen. 
Heat of reaction is given out by the 
burning; carbon dioxide forms. It is 
a colourless gas and is something 
entirely different from the piece of 
wood with which we began. 
Powdered copper, magnesium rib- 
bon, iron filings and sodium all burn 
in oxygen or take oxygen out of the 
air to make themselves into oxides. 


A jet of pure hydrogen burns in air. It 
forms hydrogen oxide which is water. The 
water vapour ts condensed by the cool sides 
of the flask and water droplets can be 
collected. 


It is curious to note that all of these 
metals are heavier after burning than 
before. This is because of the extra 
weight of the oxygen they have com- 
bined with. 

In the same way, hydrogen, sul- 
phur, carbon and phosphorus, which 
are all non-metals, will burn in oxygen 
to give oxides. The oxidation best 
known to us is the burning of coal 
(chiefly carbon) in our grates to give 
us heat. The carbon dioxide which we 


te 


16 UNITS MOLECULE OF 


MAGNESIUM OXIDE 


40 UNITS 


cannot see escapes up the chimney. 
This reaction also takes place in the 
cells of our bodies where the carbon 
in the food we have eaten is slowly 
and flamelessly ‘“‘burned”’ to provide 
us with energy and keep us warm. 
The waste carbon dioxide formed is 
breathed out. Hydrogen gas readily 
burns in air to form hydrogen oxide, 
which is the chemical name for 
water. 


Metals such as magnesium (1), tron 
filings (2), and sodium (3), burn in air, 
combining with oxygen to become powders 


called oxides. 


é 
i MOLECULE 
‘ ° 
ATOMS OF MOLECULES OF 
MAGNESIUM MAGNESIUM OXIDE 


Burning magnesium ribbon is lowered into a gas jar of oxygen. With a blinding white flame 
it forms a white ash of magnesium oxide. 


OXYGEN 


When a silver spoon is used to eat an egg and not washed, it blackens because silver 
reacts with the sulphur in the egg to form black silver sulphide. 
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NITROGEN OXYGEN 


In a thunderstorm the great heat of a 
lightning flash causes oxygen and nitrogen 
to combine chemically with each other to 
form nitric oxide, which on cooling reacts 
with more oxygen to form a gas called 
nitrogen dioxide. This gas dissolves in 
rain and with more oxygen forms dilute 
nitric acid. And so it rains dilute nitric 
acid. 


ma> s 


UM CHLORIDE 


CHLORINE 


Sodium, which is so corrosive that we 
would be burned if it touched our skin, 
burns brightly in a jar of the potsonous 
gas, chlorine. The two combine together 
to give us harmless common salt. 
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NITRIC OXIDE 


Simple chemical combination takes 
place between some metals and sul- 
phur. If you are lazy about doing the 
washing up after eating a boiled egg 
with a silver teaspoon, you are likely 
to become the owner of a dirty black 
teaspoon. The silver combines with 
the sulphur in the egg to form black 
silver sulphide. Sulphur impurities in 
the air which come from the burning 
of coal, are responsible for most 
tarnishing of silver. Copper, iron and 
zinc when heated with sulphur all 
form sulphides. 

It is interesting to see how the 
common salt which we put on food 
can be built up or synthesised from 
its elements, sodium and chlorine. 
Sodium is a metal which has to be 
handled with great care. If you were 
to pick up a piece of sodium with 
your hands, you would badly burn 
yourself. Chlorine is a very poisonous 
gas, but if you plunge a piece of hot 
sodium into a gas jar full of chlorine, 
it bursts into flame as the sodium and 
chlorine combine to form harmless 


NITRIC OXIDE 


pe 
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wma NITROGEN DIOXIDE 
OXYGEN 
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sodium chloride, alias common salt. 

The most spectacular chemical 
combination in nature takes place 
at the heart of every flash of lightning. 
Air is a mixture of nitrogen and 
oxygen and other gases which at 
normal temperatures do not react 
with each other. The high tempera- 
ture causes normally unreactive nitro- 
gen and oxygen to combine chemi- 
cally to form nitric oxide. This 
combines with more oxygen and rain 
water to give dilute nitric acid. The 
thunder rain of dilute nitric acid 
helps to fertilize the soil. 

All of these reactions are of the 
simplest type where an atom or 
atoms of one element combine with an 
atom or atoms of another to give a 
molecule of something new. In the 
case of making iron sulphide, for 
example one atom of iron combines 
with one atom of sulphur to give us 
one molecule of iron sulphide. Most 
chemical reactions are more compli- 
cated than this and will be dealt with 
in future articles. 


LAVOISIER 


and the Phiogiston Affair 


WO hundred years ago even the most learned of 

scientists had some strange ideas. Not the least of 
them were concerned with the chemical change we know 
as burning. They believed (to put it simply) that a mysteri- 
ous substance called phlogiston was mixed with wood, 
coal, paper and so on—in fact all substances which can 
be burned. If a fuel is weighed before burning and the 
ash left after burning it appears to have become lighter 
during the process. Early scientists thought that the 
phlogiston had disappeared during the burning, leaving 
only ashes. (It is now known that a fuel appears to become 
lighter only when some of the products of burning escape 
as gases. The total weight of ash and gases is always 
greater than the weight of the original fuel.) 

It was, however, becoming apparent that the ‘phlo- 
giston theory’ of burning did not provide a really adequate 
explanation of the facts. The credit for its final overthrow 
can be given to the French chemist Antoine Lavoisier 
(1743-94). Some years beforehand, Scheele and Priestley 
had discovered oxygen gas, though they had not explained 
what it was or what functions it performed. Lavoisier, in 
a series of important experiments, showed that air is made 
up mainly of oxygen and nitrogen gases and that oxygen 
plays a vital part in the burning process. 

The most famous of Lavoisier’s experiments involved 
heating mercury (the silvery liquid used in thermometers). 
The chemist put four ounces of mercury into a retort (see 
apparatus shown below). A tube from the retort was 
passed to an airtight jar placed in a trough of mercury 
to seal it off. The retort was heated by a small furnace, 
and soon Lavoisier noted that small red scales were be- 
ginning to form on the surface of the mercury in the 
retort. This was a sign that the chemical changes of com- 
bustion (burning) were taking place. Some of the mercury 
was combining with the oxygen to produce mercuric 
oxide (the red scales). 

After twelve days it was found that no more scales were 
being formed. The burning process was complete. About 
a fifth of the air in the retort had been used up, though 


Lavoisier’s apparatus for the famous experiment in which he 
showed the importance of oxygen in the burning process. 


Antoine Lavoisier. 


only a little of the mercury had disappeared. Lavoisier 
realised that the used up gas (oxygen) had combined with 
the mercury. The gas which was left (now called nitrogen) 
did not combine and remained unaltered throughout. 

The second part of Lavoisier’s experiment confirmed 
his ideas on the part played by oxygen in burning. He 
removed the red scales from the mercury and placed 
them carefully in another retort. He then heated them 
(to a rather higher temperature than in the first part of 
the experiment). The result was that the mercury and 
oxygen in the scales (mercuric oxide) separated out once 
more. Measuring the weights of mercury and oxygen 
Lavoisier found that they were exactly the same as had 
been ‘lost’ before. By a happy accident the chemist had 
used a substance (mercury) where this chemical change 
could be reversed. 

The conclusions reached by Lavoisier as a result of 
these experiments were, first, that oxygen makes up about 
a fifth of the air, secondly that it plays a vital part in the 
burning process, actually combining with the substance 
being burnt, and thirdly that the rest of the air (nitrogen) 
does not act in this way. 

Though Lavoisier’s discoveries about burning were his 
greatest achievement, they were by no means the only 
ones. The scientist went on to point out that breathing is 
very like burning, and to make an early list of chemical 
elements. 
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PASTEURISATION is a process of applying heat to 

food and various drinks in order to destroy disease- 
causing organisms (such as some bacteria) and to reduce 
the numbers of bacteria and fungi that cause food to 
decay, thus allowing it to be kept for a longer period of 
time. 

The process is named after the great French scientist 
Louis Pasteur. It was developed after his work on the 
souring of wine and beer had shown that heating them to 
a temperature of about 130°F. (54:4°C.) for a short time 
delayed souring. 

Pasteurisation is a much less severe process than sterilisa- 
tion, the purpose of which is to kill all germs, since it 
destroys only a small percentage of the food value and 
hardly affects the flavour of the food. Much higher tem- 
peratures are obtained in sterilisation than in pasteurisa- 
tion. Canned meat, vegetables and milk are sterilised at 
temperatures of between 240°—-250°F. (115°5°-121-1°C.) 
whereas the temperature at which milk, for example, is 
pasteurised is only 161°F. (71-7°C.). Eighty per cent. of 
a food’s vitamin C content is lost merely by boiling it 
for twenty minutes and at 120°C. vitamin B, is destroyed. 
Milk when it is pasteurised loses only ten per cent. of its 
vitamin B, and only twenty per cent. of its vitamin C. 

The Processing of Milk 

The best known use of pasteurisation is in the prepara- 
tion of milk. It consists of heating the milk to 161°F. 
(71-7°C.), a temperature below its boiling point, for 
a definite length of time, followed by immediate and rapid 
cooling. The heat treatment destroys all the disease- 
causing bacteria which may be in the milk and at the 
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A simplified diagram showing the flow of milk through a H.T.S.T. 
pasteurtsation plant. The heater, regenerator and cooler are each 
made up of a large number of thin, stainless steel plates so 
arranged in a frame that there 1s a small gap between each plate 
and its neighbour. Milk flows in a thin film over one side of the 
plate and the heating or cooling liquid over the other. In the 
regenerating section, the treated but still hot milk flows on one 
side and the incoming cold milk on the other. By this means the 
former is partially cooled and the latter partially heated by an 
exchange of heat between the two and a considerable economy 
results. 
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% ae >» 
A worker checks the control panel of the H.T.S.T. 


The Processing 


milk to go sour so that its keeping quality is greatly 
increased. 

Milk was first pasteurised towards the end of the 
nineteenth century. It was then used solely to prevent 
the milk from souring so quickly. Later, however, it was 
realised that harmful germs could also be killed if the 
process were modified. It was found that in order to kill 
certain germs (e.g. especially the tuberculosis bacillus 
that causes tuberculosis—a disease of the lungs that caused 
many deaths in the eighteenth and nineteenth centuries 
and the early part of the twentieth century) it was neces- 
sary to hold the temperature of the milk at approximately 
145°F. (62-8°C.) for nearly half an hour. A process using 
this method is called the holder process. 

The holder process is uneconomic, however, because it 
takes too long and too large a plant is required. It has 
largely been replaced by a higher temperature, short- 


ri 


pasteurisation plant in a modern dairy. The plant is always kept scrupulous 


ly clean. 


~~ 


of Milk by Pasteurisation 


time method (H.T.S.T.) in which the milk is retained at 
a temperature of 161°F. (71-7°C.) for 15 seconds. This is 
sufficient to kill the disease-causing bacteria, including the 
tuberculosis bacillus, and most of the bacteria which 
cause souring. The milk is then cooled rapidly to below 
50°F. (10°C.). If the milk were allowed to cool slowly 
conditions would encourage the growth again of the milk 
souring bacteria and so rapid souring would take place. 
As the diagram shows the cold incoming milk is first 
heated by the hot outgoing pasteurised milk as the latter 
passes from the ‘holding tube’ through the regenerator. 
The pasteurised milk loses heat to the cold milk and thus 
is itself partly cooled. The warmed incoming milk is then 
heated by hot water in the heater to 161°F. (71-7°C.). 
Its temperature is carefully maintained so that it enters 
the holding tube at 161°F. The milk takes only 15 seconds 
to pass through the holding tube its temperature remain- 


ing at 161°F. during this time. It then passes to the 
regenerator where it heats more incoming cold milk 
(itself being slightly cooled) and is piped to the cooler 
in which it is cooled by brine or chilled water to 40°-45°F. 
(4°4°-7:2°C.). 

A safety device, the flow diversion valve, automatically 
opens if the temperature of the milk at the end of the 
holding period is below 161°F. (71-7°C.) and the milk 
is returned to the heating section. When the required 
temperature is regained the valve closes and the pas- 
teurised milk passes to the regenerator. 

Freshly pasteurised milk is immediately filled into 
bottles, which have been thoroughly washed and sterilised 
beforehand to prevent it from being reinfected with 
bacteria. The bottles are capped automatically with 
aluminium caps which are cut from a ribbon of aluminium 


foil. 
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ELECTRICITY 


The Third Pin 


N electric current is a flow of electricity carried by 

electrons (the minute particles which normally make 
up the outermost parts of atoms). In a copper wire it is 
fairly easy for electrons to jump from atom to atom. If 
there is a higher electrical ‘‘pressure” at one end of the 
wire than the other the electrons will be organised into a 
steady drift along the wire. The difference of electrical 
pressure between the ends of the wire is called voltage. 
In the United Kingdom the voltage of the electrical 
supply is nearly always 240 volts. This means that at 
one particular moment, the electrical “‘pressure’’ at one 
of the live pins in, Say;.a lamp socket, is 240 volts more 
than the “pressure”? at thé-oether pin. When a lamp is 
connected between the two céntacts a strong flow of 
electrons will be driven through it because of this dif- 
ference in ‘pressure. 

Exactly the same thing occurs in any -¢lectrical 
appliance. Yet kettles, radiators and in fact most elec- 
trical equipnient-that.is moveable, each have three wires 
connecting them to the Mains and their plugs each have 
three pins. The third pin and the.third wire in an electric 
lead carry no current when-all is Hormal. One end of 
this lead is connected to the body of the*electrical ap- 
pliance and the other end, at some stage in the House 
wiring is connected to a metal plate buried in the ground. 


In fact the third pin connects the body of an appliance ~ 


to earth. It is a precaution in case a live wire should 


to a piece of metal which makes 
contact with the metal body of the 
kettle when the plug is inserted. 
The other end of the green lead 
is connected to the earth pin of 
the plug which, in turn, is con- 
nected to a metal object beneath 
the ground when inserted in the 
power point. 


The earth wire (green) is attached , 


The green P lead provides the electric current with a harmless 
path to earth should the kettle become ‘live’. 


accidentally come into contact with the metal frame of the 
appliance. If this should happen the electricity would 
flow into the metal frame_and from there to earth through 
any path that.was available. In 6ther words the appliance 
would become ‘live’ and if you: touched it your body 


__ (the human body is a fairly good conductor of electricity) 


would be completing a circuit to the ground. Current 
uld flow. through your body giving ‘you an electric 
ock. X 
Phere is one very easy way of making sure Anat the 
rrent does not flow through your body to earth, and 
that is to provide it with an easier route. This is not 
difficult, for a metal such as copper is a far better con- 
ductor of electricity than the human body (i.e. it offers 
less resistance tothe flow of electricity through it) and 
electricityalways takes the easiest route. If through some 
mischance the appliance you are holding becomes ‘live’ 
the ¢lectricity is offered two paths to the ground, one 
through your body and the other through the earthing 
wire dnd the third pin. Since the resistance of the human 
body is much greater than that of the wire, the current 
will take the latter route and flow harmlessly to earth. 
Why does the current in the mains supply tend to flow 
to earth? It is simply because one side of the generator 
in the power station is connected to earth and so one of 
the supply wires is always at the same electrical “pres- 
sure” as that of the earth. Consequently there is the same 


\ pressure difference, or voltage, between the other supply 
\wire and the earth as there is between the two mains 


leads. 

Most circuits are provided with fuses—thin wires which 
meltif they get hot. The unusually darge current which 
flows whien.a live wire accidentally-touches the earthed 
frame of an electrical appliance causes the fuse to overheat 
and suddenly melt or ‘blow’. This breaks the circuit and 
stops the flow of electricity. 


INORGANIC CHEMISTRY 


WATER 


ATER is a very abundant and 

very widely distributed chemical 
compound. It consists of the elements 
hydrogen and oxygen combined to- 
gether in the proportions of two atoms 
to one atom respectively. 

Water can be split by an electric 
current into the two gases hydrogen 
and oxygen; and these two combine 
very easily to re-form water. 

There are about 100 elements (the 
basic building materials of chemistry) 
which cannot be split chemically into 
anything simpler. Each one has 
definite characteristics. By combining 
elements together, the resulting com- 
pounds have greatly different pro- 
perties from the elements of which 
they are made. Thus the hundreds of 
thousands of very different substances 
making up the physical world are 
made from a few elements combined 
in many different ways and quantities. 


WATER CONTAINING 
A LITTLE SULPHURIC 
ACID 


OXYGEN 
(1 VOLUME) 


HYDROGEN 
(2 VOLUMES) 


ANODE | 


(POSITIVE ' 
ELECTRODE) 


CATHODE 


(NEGATIVE 
ELECTRODE) 


Hoffmann’s Voltameter is filled with acidi- 
fied water. The taps are closed and an 
electric current is passed. Twice as much 
hydrogen gas collects above the cathode as 
oxygen above the anode. 


Oxygen is a gas whose presence in 
the air is essential to living things. 
It allows other substances to burn in 
it. Hydrogen is also a gas, but it is not 
present in the air in any appreciable 
quantities. It burns to form water 
(see next page), a greatly different sort 
of substance from either hydrogen or 
oxygen. Obviously the properties of 
both hydrogen and oxygen have been 
changed by theircombination together. 

It is quite easy to show that water 
consists of hydrogen and oxygen by 
means of electrolysis (splitting of a 
substance by an electric current). 
Water (containing a little sulphuric 
acid) is put in the apparatus shown, 
so as to completely fill the side tubes. 
Pure water does not conduct a current 
well and a little acid is added to en- 
able it to do so. The acid does not 
change or get used up during the 
experiment. With the taps closed, the 
platinum plates (electrodes) are con- 
nected to a battery (platinum is an 
expensive metal, used because it does 
not react during electrolytic pro- 
cesses). When the current passes 
through the water it splits the water 
into two gases, bubbles of which rise 
from the electrodes. From the cathode 
(the negative electrode) bubbles rise 
and the gas can be shown to be hy- 
drogen. These bubbles form a volume 
which is twice the volume of the gas 
rising from the other electrode called 
the anode (positive). The smaller 
volume of gas can be shown to be oxy- 
gen. Oxygen is tested by means of a 


Two molecules of water split to give two 
molecules of hydrogen and one of oxygen. 
This accounts for the fact that the volume 
of hydrogen is twice that of the oxygen. We 
show this in chemistry by the chemical 
equation 2H,0=2H,+0,. 


WATER => HYDROGEN -+ 
&: MOLECULES 


UMULATOR 


OXYGEN 
MOLECULE 


The chemist is showing that one of the gases 
collected 1s oxygen. This gas makes a glow- 
ing splint of wood burst into flame. 


glowing wooden splint which bursts 
into flame. Hydrogen when mixed 
with air explodes when a lighted taper 
is brought into contact with it. 

Two molecules of water split to give 
two molecules of hydrogen gas and 
one molecule of oxygen gas. This is 
because two oxygen atoms are needed 
to make an oxygen molecule. By pair- 
ing up and sharing two of each other’s 
electrons both oxygen atoms gain com- 
plete outer electron-shells. 

Note. A molecule is two or more atoms 
joined together and is the smallest par- 
ticle of a substance which normally 
exists. 

H,O represents one molecule of 
water which consists of two atoms of 
hydrogen and one atom of oxygen all 
joined together into a single unit by 
electrical forces. 
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Both pictures illustrate copper sulphate. The crystal, although it ts perfectly dry to the touch, 
owes tts colour and shape to the fact that its molecules are bonded with water molecules. 


Hydrogen burns in air, combining with oxygen. As tt burns, droplets of water collect 
on the cold surface of the flask. This cannot have come from moist hydrogen as wt has been 


dried with anhydrous calcium chloride. 


Water is very abundant but it can 
be made by mixing hydrogen gas with 
half its volume of oxygen gas and 
igniting the two. This is the reverse 
process to the electrolysis of water 
and the reaction can be represented 
by the following equation: 


2H,+0,—-2H,.O 


Actually steam is first formed which 
on cooling condenses to water drop- 
lets. By allowing the flame of burning 
hydrogen to be close to a cold surface, 
steam formed will be condensed to 
drops which can be collected and 
tested. All physical and chemical 
tests on the liquid show it to be 
water. To make sure that water 
collected is due to the burning (com- 
bustion) of hydrogen and not due to 
the gas being moist, the gas is dried 
by passing through a substance which 
dries it (calcium chloride). 

One important fact about water is 
that it is stable. (A substance is said 
to be stable if it is difficult to break 
up or change in any other way.) 
However, an electric current de- 
composes it, and two very reactive 
metals like potassium and sodium re- 
act vigorously with cold water, re- 
leasing hydrogen gas from it. Some 
other metals will react with water, 
but less rapidly; calcium is one of 
these metals. Magnesium, zinc and 


146 


ICE CRYSTALS AS 
SEEN UNDER THE 
MICROSCOPE 


Oxygen atoms tend to attract the hydrogen’s 
electrons, making the oxygen negatively 
charged and the hydrogen positively charged. 
Positive of one molecule attracts negative 
and ordered chains of molecules build up 
to give the giant ice crystal. 


iron react with steam but are not 
affected by pure cold water. 

Many minerals and crystals which 
are perfectly dry to the touch never- 
theless contain water which is 
combined chemically, and not simply 
mixed. Substances containing water 
so combined are said to be hydrated, 
e.g. blue copper sulphate crystals. 
If blue crystals of copper sulphate are 
heated in a test-tube, the water is 
driven off and will condense at the 
cold mouth of a test-tube; the loss 
of water causes the crystals to 
lose both their shape and _ blue 
colour and to change to a greyish- 
white powder called anhydrous copper 
sulphate. (Anhydrous means without 
water.) 

The three physical states of water 
are steam (gas), water (liquid) and ice 
(solid). Each behaves the same way 
chemically but they are physically dif- 
ferent. 

Steam is composed of separate H,O 
molecules, whereas ice has an ordered 
structure and can be considered to be 
one large molecule made up of many 
water molecules specially bonded to- 
gether by Aydrogen bonds. Water is 
polar because the negatively-charged 
electrons seem to be attracted more 
towards the oxygen atoms, making 
them negatively charged with re- 
spect to the hydrogen atoms which 
become positively charged. The posi- 
tive hydrogen of one water molecule 
thus attracts the negative oxygen 
of a neighbouring molecule, form- 
ing a hydrogen bond. This bond 
is a weak one, but ice can be con- 
sidered to be a large single mole- 
cule rather than a ‘package’ of 
separate H,O molecules. Crystal 
chemistry shows that H,O molecules 
in ice are arranged so that each 
oxygen atom has four hydrogen 
atoms as fairly close neighbours, two 
attached by strong covalent bonds (i.e. 
by shared electrons) and two more 
by the weaker hydrogen bonding at a 
greater distance. This leads to an 
open structure, i.e. one with rela- 
tively large holes in it. When ice 
melts, some of the hydrogen bonds 
are broken and more close packing 
results. Thus water has a greater 
density than ice and this is why ice 
floats in water. 
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Steam issuing 


in the exhaust gases condenses to give millions of water droplets (and ice crystals) which collectively can be seen as long thin clouds or ‘con- 
trails’. (Top right) Three aircraft flying in formation line abreast. (Left) Three aircraft converging on each other. 


| NUCLEAR PHYSICS | 


Vapour Trails of Atomic Particles 


—the 


HE course of a jet aircraft can 

be seen from its white vapour 
trail (‘contrail’) even when the air- 
craft itself is flying rather too high 
to be seen. Paraffin burns in the 
engines producing carbon dioxide 
and invisible steam and these gases 
pass out to the rear. The temperature 
is very low at these levels (as low as 
—56°C.) and the steam quickly con- 
denses to form water-droplets (then ice 
crystals) and these then show them- 
selves as long thin clouds or contrails. 

The cloud chamber is a device for 
letting charged atomic particles, too 
small to be seen, reveal their paths by 
producing a vapour trail in a cham- 
ber. This tool of nuclear physics was 
invented by Professor C. T. R. Wil- 
son. Here he devised the means of 
visibly showing up certain atomic 
radiations. He experimented for years 
to perfect the apparatus which would 
enable us to photograph particles 
shot out during radioactivity. 


First, think how a cloud is formed. 
Air always contains some water vapour 
—if dry air comes into contact with 
water, some of the water molecules 
leave the liquid surface and pass 
into the air which will now contain 
invisible water vapour. Only a cer- 
tain amount of vapour can be held at 
a particular temperature; when air 
can hold no more vapour it is said to 
be saturated. Hot air has the ability 
to hold a greater quantity of water 
vapour than colder air. Thus if 
air saturated with water vapour is 
cooled, the water vapour which now 
cannot be held condenses to form 
clouds which consist of many tiny 
water droplets such as are found in 
cloud, mist and fog. 

But before a cloud can form there 
must be present in the air traces of 
minute particles, like dust, on which 
the water droplets can condense. If 
these ‘condensation particles’ are absent 
a cloud will not be formed, for there is 


Wilson Cloud CGhamber 


Oxygen track ——— 


a-particle track — 


Hydrogen 
nucleus 
recoil track 


a-particle 
scarcely deflected 


Cloud chamber photographs of alpha 
particles colliding with (1) hydrogen, (2) 
helium, (3) oxygen, (4) netrogen. 


Path of proton thrown 
from nitrogen nucleus 
which has captured 

an a-particle 


Path of oxygen nucleus into 
which the nitrogen nucleus 
pies been changed 


Point of collision 


3 (Left) A representation of a 
charged particle with many water 
molecules collected around tt. 
(Above) A representation of droplets mak- 
ing a cloud chamber trail. 


nothing on which water can condense, 
and the air becomes super-saturated. If 
suitable ‘condensation particles’ are 
introduced into such air, cloud is at 
once formed in the regions of these 
particles. 

Thus to condense water vapour two 
things are essential: first, air saturated 
(or super-saturated) with moisture, 
which is being cooled; and second, 
suitable particles on which the water 
may condense. 

It is found that the molecules in 
air (e.g. oxygen, nitrogen, rare gases, 
etc.) are not effective in triggering 
off the condensation of water 
vapour, but charged particles (or 
ions) prove very effective. An elec- 
trically-charged particle, liberated 


PARTICLES 
ENTER HER 


PATHS OF 
PARTICLES 


BENT INTO 


ORE 
CURVED 


BECAUSE 


PARTICLES 
HAVE BEEN 


Charged particles are deflected along a 
curved path by an electric field. The lead 
slows the particle—after this its track 
becomes more curved. 
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SLOWED DOWN 


in nuclear processes, cannot be seen, 
but when it moves through a gas 
it produces a large number of gaseous 
ions along its track. If the chamber 
is saturated with water vapour under 
low pressure, tiny droplets of water 
will condense on these ions, thus 
forming a thin line of fog (cloud) 
extending like a vapour trail all 
along the track. Illuminating this 
foggy line by a beam of light on a 
dark background we get pictures 
which can be photographed showing 
all the details of the movement of 
the particle. Photographs are usually 


sliding piston; when this is pulled 
down quickly, pressure falls, the air 
cools and water vapour is ready to 
turn into water droplets if there is a 
charged particle to settle on. 

The charged particles are intro- 
duced into the cloud chamber through 
a lead tube projector above it, or 
from a small container suspended in- 
side the chamber. 

As the pressure inside the cham- 
ber is low, the molecules of satur- 
ated air are spread out enough to 
prevent too many collisions with the 
charged particles. Thus the latter 


CAMERA CAMERA 


The cloud chamber is a device for letting charged atom particles, too small to be seen, reveal 
their paths as vapour trails in the chamber (right) which contains air and water vapour at 
very low pressures. The trails are photographed through the top of this chamber. 


taken from two directions so that a 
three-dimensional record may be 
obtained. 

It is essential that when the particle 
is passing through the chamber the air 
should be super-saturated with water 
vapour, If the pressure is reduced 
still further, the air is cooled, and 
cooler air is able to hold less water 
vapour. (When air leaves a bicycle 
tyre the pressure is reduced, and 
a cooling effect can be noticed near 
the outlet.) A pump is attached to 
the cloud chamber to reduce the 
pressure, cool the air down and make 
it super-saturated. At the same time 
as photographs are being taken, cool- 
ing by reduction of pressure is brought 
about. Inside the chamber there is a 


will not be noticeably deviated from 
their original track. 

The cloud chamber has been used 
in the study of the reactions that occur 
between nuclei, of atoms and other 
particles bombarding them. It was 
used in some of the first experiments 
that showed that atoms could be 
smashed. 

Radioactive atoms can be easily 
detected, since the rays they emit 
ionize gas molecules and cause cloud 
trails. (Ionized molecules are elec- 
trically charged.) 

The device has been improved and 
has proved indispensable in the in- 
vestigation of atoms. Without it many 
of the known atomic particles could 
not have been so closely observed. 


| FAMOUS SCIENTISTS 


Sir Ronald Ross 


And his Discoveries about 


MALARIA 


MALARIA 3 is an unpleasant, sometimes deadly, disease 

Mi hich is contracted mainly in tropical countries. For 
centuries there seemed no hope of controlling it, for 
scientists had little idea as to how it was passed on from 
one person to another. Towards the end of the last 
century, however, suggestions were made by experts in 
tropical medicine that the mosquito, an insect pest 
abounding in the tropics, was in some way responsible. 

Although these theories were based on considerable 
evidence, there was no actual proof. The credit for 
finding this must go chiefly to Sir Ronald Ross (1857- 
1932), a British doctor working in India. Encouraged by 
Sir Patrick Manson, an eminent authority on tropical 
medicine, Ross spent a great deal of time and energy 
trying to track down a definite link between malaria 
and the mosquito. After years of intensive work examin- 
ing all kinds of mosquitoes under a microscope, he 
discovered in one of them, a female Anopheles, an un- 
usual kind of cell. On further investigation the cell 
was found to contain a few granules of black pigment, 
exactly like that of the malaria parasite in man. This 
was the proof of the link which Ross had been seek- 
ing so long. The mosquito had been identified and 
so had the means by which it transmitted the disease 
to man. 

The detailed life story of the parasite has proved 
to be rather complicated. Briefly the mosquito takes 
it in when biting a malaria sufferer. The parasites re- 
produce in the mosquito’s stomach and eventually make 
their way to its salivary glands. When the mosquito 
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A simplified diagram of the life cycle of the malaria parasite. 
Ross noted similarities between a stage in the mosquito and in man. 


Sir Ronald Ross in later life. 


bites another man the parasite is transferred into the 
bloodstream of the victim, infecting him. 

The best way to prevent malaria from spreading, then, 
is to exterminate the mosquito. Mosquitoes lay their 
eggs on ponds and swamps. After a time small larvae 
emerge from the eggs. The larvae breathe through their 
‘tails’, thrusting them up through the water surface to 
do so. By covering the pond with a thin layer of oil it 
is possible to prevent the larvae from breathing and so 
kill them off. Other methods are used too. The swamps 
can sometimes be drained, though this is expensive. 
Natural enemies of the mosquito, such as the top-minnow 
or the salt-water killifish, may also be introduced into 
lakes to make it impossible for them to breed in large 
numbers. Such methods have proved to be extremely 
effective and today malaria is not nearly so widespread 
as formerly. 

In recognition of Sir Ronald Ross’s work he received 
a Nobel Prize (in 1902) and a knighthood (in 1911). 
Towards the end of his life the Ross Institute and Hospital 
for Tropical Diseases was founded, with Ross himself 
as its first director. 


149 


| DYNAMICs | 


HERE are many ways of moving 

both objects and ourselves. Every 
time something is moved work is being 
done. Animals have been trained to 
pull things. Man has used the wind 
(windmills and sails) and flowing 
water to do much work for him. These 
forces cannot always be depended upon 
—the wind might drop and a drought 
may occur—so engines of many kinds 
have been devised for moving things, 
so making our tasks easier. Whenever 
an object is moved work is being done. 
In the science of Physics, work means 
moving a force through a distance. 

If something has to be moved it is 
pushed, pulled or lifted and work is 
being done. Energy is the ability to 
move things or ability to do work. 
Our energy for work comes from the 
food we eat. Consider the work done 


Foot Ib. 
per min. 


3,300 


Foot Ib, 
per sec. 


Weightlifter 


33,000 


Horse 
330,000 


Motor-car 


33,000,000 


by a builder. The amount of work we 
do can be accurately measured after 
studying some Physics. Before doing 
our calculations several questions have 
to be asked. 

First, how heavy are the stone blocks 
and bricks? Secondly, how far (or 
high) must they be moved? Weights 
are measured in pounds (lb.) and 


The Beagle-Wallis lightweight autogyro has a 65 h.p. engine, and cruises at 75 m.p.h. 
The rate of climb is 1,250 ft./min. If the take-off weight was 500 1b., the work done 
in a minute would be 500 X 1,250=625,000 ft. 1b. wt. 


distances are measured in feet (ft.). 
Both weight and distance have to be 
taken into account if you wish to 
know exactly how much work you 
are going to do. It might take just as 
much work to lift a small brick a long 
distance as it would to move a large 
stone block a shorter distance. 

It is easy to calculate the work done 
in our tasks. If a brick weighs 74 lb. 
and you lift it up a ladder to a 
height 20 ft. above the ground, you 
do 150 ft. lb. wt. of work: 

Work= Weight x distance moved 

=74 X20 ft. Ib. wt. 
=150 ft. lb. wt. 

The same amount of work would be 
involved if a stone block weighing 
50 lb. was lifted 3 feet. 

If you merely held a‘stone or brick 
without moving it, a physicist would 
say that you were not doing work. 

Another question may be asked. 
How fast is the work to be done? Are 
you a fast or a slow worker? It would 


not make any difference to the total 
work done if you slowly climbed a 
ladder with your stone or whether you 
ran up it. The work done is the same 
when a given weight is moved a 
certain distance whether the move- 
ment is slow or quick. However, the 
power is different as the rate of doing 
work is different. Power is the work 
done in a second. Thus if you climbed 
a 20-ft. ladder with a 3 lb. wt. stone 
in 10 seconds, you are doing 60 ft. 
Ib. wt. of work in 10 seconds or 6 ft. 
Ib. of work in 1 second. Power=6 ft. 
Ib. wt. per sec. 
Power=work done per second 

If you ran up the same ladder with 
the same stone in 3 seconds, work is 
the same, but the power is now 20 ft. 
Ib. wt. per second. 

A good horse was found tc do 550 
ft. Ib. wt. in 1 second, and power is 
often given in horsepower. 

550 ft. lb. wt. per second=1 Horse- 
power (h.p.). 
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| BIOLOGY | 


The Glassification of ANIMALS 


N any small area you will find 

many different kinds of animals. 
In your garden, for example, you may 
come across earthworms, slugs, snails, 
centipedes, millipedes, beetles, ear- 
wigs, woodlice, spiders, mice and 
lizards. There are very obvious real 
differences between these creatures, 
differences which provide the basic 
division of the animal kingdom into 
different kinds or species. 

Over a million species of animals 
are known at present and many more 
are discovered each year. Anyone 
who studies animals must be able to 
refer to any one animal by its in- 
dividual name. Each animal is in 
fact given two names: its specific 
name or species and its generic 
name or genus (a genus is a group of 
closely related species; a species is 
a group of animals or plants that 
breed among themselves but normally 
not with other related groups). The 
specific name of the domestic horse, 
for example, is caballus. Its generic 
name is Equus. Its full name is Equus 
caballus, with the generic name first 
and the specific name second. The 
African wild ass—and the zebras— 
are also included in this, the genus 
Equus, but they are different species. 
The former is called Equus asinus, and 
one species of zebra is called Equus 
zebra. These names apply in all 
countries. Common names could not 
be used in this way, for they vary so 
much from one place to another. The 


same common name may apply to 
two quite different animals. The 
robin in America, for example, is 
not the same as the European robin. 

A system of classification is more 
than a division of the animal king- 
dom into genera and species; these 
are merely the finest divisions. The 
animal kingdom is in fact divided 
into about twenty major groups called 
phyla (singular phylum). Each phylum 
contains animals with certain basic 
similarities. Within each phylum some 
animals are more alike than others 
and these are separated into classes. 
Classes may be subdivided into sub- 
classes; these into orders, orders into 
suborders, suborders into families, 
families into genera and genera into 
species. 

The members of a large division, 
therefore, have fewer characters in 
common than those in a subdivision. 
For example, Mammals and Bony 
Fishes are vertebrates, that is they 
have a backbone and a hollow dorsal 
nervous system, part of which forms a 
brain that is protected by a braincase. 
However, Mammals have hair, suckle 
their young, have limbs and are warm- 
blooded. Fishes lack hair and have a 
scale-covered body, they have fins and 
not limbs, the young generally hatch 
from eggs which are laid, and they are 
cold-blooded. Both are placed in 
separate sub-groups of the Vertebrata. 

If we classify man starting with 
his mammal grouping (Class: Mam- 


THE CHARACTERISTICS OF THE MAIN ANIMAL GROUPS 


malia) we can see how his genus and 
species rankings are arrived at. He is a 
placental mammal (sub-class: Placen- 
talia) which is based on a number of 
characters. He belongs to the Order 
Primates along with the tarsiers, 
lemurs, apes and monkeys—all 
animals with binocular vision, similar 
skeletons, etc. Only the apes and 
monkeys are included with man in 
the sub-order Anthropoidea and only 
fossil man is in the same family, 
Hominidae. His genus Homo is the 
same for Neanderthal man, but the 
latter’s species is neanderthalensis, while 
man’s is sapiens. 

Man’s classification as described 
here may be summarised as: 


Class: Mammalia 
Subclass: Placentalia 
Order: Primates 
Suborder: Anthropoidea 
Family: | Hominidae 
Genus: Homo 
Species: sapiens 


Man is a backboned animal (i.e. a 
vertebrate) which places him in the 
sub-phylum Vertebrata. Below this, 
his phylum ranking is the Chordata 
(all animals that at some stage in 
their life possess gill slits and an 
elastic supporting rod or notochord 
and always have a hollow dorsal 
nervous system, i.e. one in the back). 
Vertebrata and Chordata would be 
placed above class Mammalia in a 
fuller classification. 


Placentalia—mammals in which the young during their early 
development are connected to the mother by a ‘wedge’ of tissue, the 


placenta. This passes on food, oxygen and chemicals to the 
embryo. The young are born at a more advanced stage than in other 
mammals. They feed on milk from the mother for some time after 
birth, Placentals have no pouch. Examples are the rodents, cats, 
dogs, horses, sheep, monkeys, apes and man. 


Lagomorpha—placental 
Cetacea—placental mammals with one pair the 
es mtn Ponce all fade lim, teeth in the : 
rv life in r. They jaw, two pairs i 
haves? paddietie’ fore: homer ae ee ee 
limbs and no hind-limbs. 
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Carnivora—mostly 
flesh-eating placentals. 


Artiodactyla—even- 
toed ungulates or hoofed 
mammals. 


Perissodactyla—odd- 
toed ungulates. 


Tubulidentata—placen- 
tal mammals with peg- 
like teeth, The aardvark 
is the only example. 


Proboscidea—placen- Hyracoidea — ‘rabbit’ 

tals with a trunk, long like’ placentals with 

incisors forming tusks hoof-like nails or claws, 

and immense grinding one pair of continually 

molars. growing incisors in the 
upper jaw and two pairs 
in the lower jaw. 


Protochordata—chordates which 
have no true brain and no brain- 
case or backbone. They lack a 
heart and the type of kidney 
typical of vertebrates. Examples 
are the sea squirts, lancelets and 
acorn worms, 


Mollusca 


(Snails, slugs, bivalves, octopuses, etc.) 
Animals with soft unsegmented bodies 
containing a coelom and usually having a 
shell of lime salts secreted by the 
mantle, a soft skin covering the gut and 
associated organs. The shell may be 
external (bivalves) or internal (e.g. slugs 
and octopuses). They have a definite 
head, a muscular foot on the lower side, 
and usually breathe by means of gills. 
A part, or parts, of the mantle encloses 
a cavity into which the anus and kidney 
empty. Nervous system consists of a 
ring (this may contain ganglia) round the 
oesophagus with strands to ganglia in 
other parts of the body. 
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Mammalia—warm-blooded vertebrates which have hair. The | 
young are nourished with milk which is provided by milk | 


or mammary glands and, except in the monotremes which lay i 


eggs, the young are born alive. I 
; 
rane eels | 
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wing is a dwelling placentals; big | Aves—warm-blooded vertebrates | 

‘orted by toe and thumb often well } which have feathers. Like reptiles 

agers and developed and can be j they lay shelled eggs. Another 
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presence of scales on the legs} 
and feet. The fore-limbs are 


order to grasp objects. i 
modified as wings. 


ntata—placental Insectivora—primitive 
mals that have teeth insect-eating placentals. 
reduced or absent. 


Marsupialia—the pouched ribet 
mals. Forms which bear their young 
alive, but in a small, relatively un- 
formed state. The female has a 
pouch on the lower part of the 
abdomen in which the young are | 
carried and suckled until they ore 
able to fend for themselves. Ex. | 

i 

i 


amples are the kangaroos, walla- | 
bies, koala and opossums. 


Monotremata — the egg-laying | 
mammals. Examples are the | 
platypus and = spiny  ant-eater. 
Neither animal has teeth. 


————— 


tirenia—plant-eating 
lacentals highly adapted 
or life in water. The 
ind-limbs are not visible 
xternally; forelimbs 
addle-like. 


Choanichthyes—fishes with inter- 
nal nostrils. Their paired fins have 
fleshy lobes. The coelacanth 
and lung-fishes are examples. 


Elasmobranchii—fishes with well- 
developed jaws. They have an 
endoskeleton made of cartilage; 
bone is entirely lacking. The skin 
is covered with horny, teeth-like 
scales, Only the king herring has 
its gill slics covered by an oper- 
culum. 


Cyclostomata—vertebrate chor- 
dates with an endoskeleton of 
cartilage. They have no jaws and 
lack scales and bones. The 
lampreys, hagfishes and slime hags 
are examples. 


Arthropoda 


(Insects, spiders, crabs, centi- 
pedes, etc.) Segmented animals 
with jointed limbs, a strong 
outer or exoskeleton, a ner- 
vous system on the same plan 
as the Annelida (i.e. head 
ganglia connected to a double 
nerve cord underneath the 
gut. The cord is swollen as a 
pair of ganglia in each seg- 
ment). Some or all of the seg- 
ments bear a pair of jointed 
limbs, at least one pair of 
which form jaws. 


Reptilia — cold-blooded verte- 
brates fitted for life on land. 
The skin is dry and covered in 
scales. They have lungs and show | 
an advance on amphibians in lay- 
ing shelled eggs which hatch on 
land. Examples are the croco- 
diles, snakes, turtles and lizards. | 
i 
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| Amphibia—cold-blooded aia 
} brate animals which usually need 
to return to water to breed and, 
except in some limbless forms, 
lack scales. They usually have 
lungs and a moist skin through 
which they can breathe. Ex- 
amples are frogs, toads, newts and 
salamanders. 


Actinopterygii—fishes with well- 
developed jaws. They have an 
endoskeleton made almost en- | 
tirely of bone. | 
i 


| ORGANIC CHEMISTRY | 


I.N.T. - ANOTHER 
RING COMPOUND 


OST ofus are appalled by the dam- 
age explosives do in wartime to 
people and property, but we should not 
forget someof the peaceful uses of explo- 
sives. Imagine cutting a tunnel through 
a mountain with picks and shovels if 
explosives were not used to shatter and 
burst the rock apart by suddenly pro- 
ducing large amounts of gases whose 
great pressure cannot be withstood. 
To give some idea of gas pressures 
produced in certain combustion pro- 
cesses, take a look at the internal 
combustion engine. In the cylinders 
of such an engine a mixture of petrol 
vapour and air is ignited by an elec- 
tric spark to produce gases under 
pressure of several hundred pounds 
per square inch, which push against 
the pistons and propel the vehicle 
forward. These forces are small com- 


RING COMPOUNDS 
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BLACK BALLS=CARBON ATOMS 


RED BALLS=OXYGEN ATOMS 
BLUE BALLS=NITROGEN ATOMS 


pared with those produced by modern 
high explosives—pressures as high 
as half a million pounds per square 
inch have been produced at the 
moment of explosion of some of the 
bombs used in World War II. 

Many explosives are compounds of 
nitrogen. This is due to the fact that 
nitrogen is an inactive sort of element, 
and when combined it generally 
tends to make the compounds un- 
stable. When they decompose large 
volumes of nitrogen gas are released. 
The heat produced in all these de- 
composition reactions has the effect 
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of increasing the pressure of a gas. 

Demolition explosives explode all 
at once. Their molecules shatter 
simultaneously. The molecules pro- 
duce gases which, if given the op- 
portunity, would occupy a volume 
many thousand times greater than 
that occupied by the solid explosive. 
These gases therefore exert such a 
tremendous pressure that an ex- 
plosion results. 

T.N.T. is a high explosive. T.N.T. 
stands for ¢rinitro-toluene. The com- 
pound is easily made, and it is 
manufactured from coal. During the 
destructive distillation of coal many 
useful substances are obtained, the 
four principal ones being coke and 
coal gas (both used as fuels), ammonia 
and coal tar. Coal tar is a messy 
dark liquid which contains several 


TRINITRO-TOLUENE 
(T.N.T.) 


very valuable chemicals. All are com- 
pounds of carbon whose molecules 
have the six-membered carbon rings 
called benzene rings. They are aromatic 
compounds. Those present in coal tar 
include benzene, phenol (carbolic 
acid) and toluene. From the coal tar 
a host of valuable substances can be 
manufactured—drugs, dyes, nylon, 
saccharine, detergents, disinfectant, 


antiseptics, insecticides, aspirin, 
tear gas, solvents, fuels, plastics, 
preservatives, perfumes and ex- 
plosives. 


To obtain these valuable commodi- 


ties, coal must be heated in the 
absence of aw. It then breaks up 
into the substances mentioned. This 
may be hard to believe. We think 
of coal giving ash and flue gases and 
nothing else. This is true when it is 
burnt in air, but if air is excluded 
such valuable substances as coal 
tar just cannot burn. When coal burns 
these substances are lost because they 
too burn—the main products being 
carbon dioxide and steam, which go 
up the chimney. 

The ‘ring compounds’ of coal tar 
can be separated from each other by 
fractional distillation. Having ob- 
tained toluene all that has to be done 
to convert it to T.N.T. is to treat it 
with a mixture of concentrated nitric 
acid (HNO;) and concentrated sul- 
phuric acid (H,SO,). 

The simplest aromatic compound is 
benzene (C,H,). When another car- 
bon atom (accompanied by three hy- 
drogen atoms) is in the place of one 
of the hydrogen atoms of benzene, 
we have a molecule of toluene 
(C,H;.CH;). When treated with 
concentrated nitric and_ sulphuric 
acids three hydrogen atoms in a 
toluene molecule ring are replaced by 


Trinitro-toluene (T.N.T.), a high explosive, has been used mainly to fill the interiors of bombs and shells. The pictu 


a ‘block-buster’ bomb about to be loaded into position in a wartime Lancaster bomber. 


nitro— groups (—NO,) and we get 
T.N.T. or trinttro-toluene. 
Trinitro-toluene is a yellow solid 
which can be melted easily below the 
boiling point of water, and poured 
into shells and bombs without danger. 
It will stand much careless handling 
and even stand the shock of being in 
a shell when it is fired from a gun. 
To explode it (when in a confined 
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space) a detonator is necessary. This 
consists of a very sensitive explosive 
which imparts to T.N.T. the very large 
shock which is necessary. 

When heated in air, T.N.T. burns 
harmlessly and quietly with a smoky 
flame. Air which contains oxygen is 
necessary to make things burn. To the 
chemist burning means combination 
with oxygen. Benzene also burns with 
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The explosive nitroglycerine, although not a ring compound, has so much oxygen locked away 
in its molecules that some oxygen is actually left over when it explodes. 


re above shows 


a smoky flame. The ‘ring’ splits up 
and both carbon and hydrogen atoms 
combine with oxygen from the air, 
forming carbon dioxide gas and steam. 

Two benzene molecules react with 
fifteen molecules of oxygen to give 
twelve molecules of carbon dioxide 
gas and six molecules of steam. This 
is represented by the equation: 

2C,H,+150,—12C0,+6H,O 

Some substances like T.N.T. con- 
tain oxygen ‘locked away’ in their 
molecules. Once released, when the 
molecules split up, this allows it to 
‘burn itself’. It gives steam, carbon 
monoxide gas, carbon and nitrogen 
gas (which does not like to be com- 
bined). 

The gases produced occupy a 
volume thousands of times larger than 
that occupied by the solid T.N.T. 
They are also very hot because a great 
deal of energy is released as heat when 
T.N.T. (or any other explosive) burns. 
In their efforts to expand they exert 
an enormous pressure which causes 
the shattering explosion. 


sr 


AGRICULTURAL SCIENCE 


IRRIGATION 


[RRIGATION (from the Latin 

rigare, meaning to water) is the arti- 
ficial watering of land for the purpose 
of growing crops. It is usually neces- 
sary in tropical regions where the 
rainfall is less than 20 inches per 
year. Some parts of Great Britain 
have little more than 20 inches of 
rain in a year (and a few spots have 
less) yet crops grow without addi- 
tional supplies of moisture. The 
difference lies partly in temperature 
(the great heat of the tropics means 
that much of the rain falling upon the 
land is evaporated before it can sink 
into the ground) and partly on the 
distribution of the rainfall (a ‘cloud- 
burst’ does far less good than the 
same amount of rain falling over 
several days). 

In some regions irrigation may only 
be needed during part of the year (the 
hot season), whilst in other areas, 
such as Egypt, crops depend almost 
entirely upon artificially supplied 
water. Irrigation is also necessary 
where the rainfall, though sufficient, 
is unreliable. Great famines have 
occurred in such regions through 
farmers ‘trusting to providence’. The 
importance of irrigation may be seen 
in the fact that fully half of the 
world’s cultivated land is irrigated 
to a certain extent. 

Irrigation may also depend upon 
the crop grown. Rice, for instance, 
which spends part ofits growing period 
under about six inches of water, needs 
additional water where another, less 
thirsty plant would grow quite 


happily. A considerable amount of 
rice is grown in South East Asia by 
trapping the large amounts of rain- 
water brought by the monsoon— 
hence the small, level, rimmed fields 
which turn whole hillsides into a 
gigantic flight of ‘water steps’. 

Irrigation in the past has been 
limited by the fact that it is very 
difficult to raise water to any great 
height. This is why Egypt’s farm- 
lands stretch in a winding strip 
through the Sahara: they are confined 
to the valley of the River Nile. To 
irrigate arid uplands is a costly busi- 
ness which could never be under- 
taken by the farmers themselves. This 
is also one of China’s great problems. 
It is a vast land of fertile lowlands 
and arid uplands. Most of its 600 
million inhabitants are farmers and 
most of them live in the lowlands 
where irrigation, if necessary, is 
fairly simple. As a result, many 
families have only half an acre of 
land to support them and can grow 
barely enough for their own needs. 
Thus one drought or poor harvest 
can spell famine to millions. Large- 
scale irrigation schemes have greatly 
eased the problem of over-crowding in 
India where desert areas have been 
turned into fertile farmlands. Many 
of the world’s barren lands are bar- 
ren only in the sense that they lack 
water, and irrigation is a large part 
of the answer to the world’s growing 
food problem. 

The idea of irrigation is not new: 
in Egypt crops have always depended 


Simplified plan of the Snowy Mountains project. 
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almost entirely upon the River Nile 
for water. The ancient Egyptians 
utilised the fact that the Nile floods 
once per year. They developed a 
system of canals and ditches to carry 
the floodwaters through the fields, 
a practice which would be known 
today as flood irrigation. For the 
rest of the year they depended upon 
primitive devices to raise water from 
the river to the level of the channels. 
The shadoof, a bucket on a weighted, 
pivoted pole, was in use in Egypt over 
3,000 years ago and can still be seen 
serving the same purpose today; so 
can the Persian water wheel, a large 
wheel with wooden or leather buckets 
attached to its rim. Archimedes’ 
screw consists of a hollow wooden 
cylinder containing a spiral ledge 
running from end to end. When the 
cylinder is rotated water is drawn up 
through it. Sometimes animals are 
used to aid irrigation. Oxen may 
walk down a ramp to draw buckets of 
water up from a well. In India 
many villages which are some distance 
from a large river rely upon wells 
for water for their fields or have 
their own ‘tank’, a small reservoir, 
often with earthen walls, which 
stores the monsoon rains for the dry 
season. 

Large-scale, efficient irrigation 
schemes can only be operated when 
these inundation canals (canals which 
fill with water only in time of flood) 
and other primitive devices have been 
replaced by perennial canals (those 
which carry water the whole year 
round), a process that is rapidly 
taking place. But perennial canals 
are costly, for they entail the dam- 


Furrow irrigation 1s the method often used 
to distribute water to field crops. Here water 
1s being siphoned into the furrows. 


The sprinkler system is only possible over 
a relatively small area, such as a market 
garden. 


ming of rivers to control floodwaters 
and create artificial reservoirs which 
can be drawn upon at all times of 
the year. 

In Egypt the volume of the River 
Nile from August to November greatly 
exceeds the demands made upon it by 
irrigation, while for the rest of the year 
the natural flow cannot meet the 
farmers’ needs. At the beginning of this 
century a dam was built at Aswan to 
control the floodwater and save some of 
it for the rest of the year. The dam has 
been raised twice since but it still lets an 
enormous amount of valuable water 
escape to thesea. The Aswan High Dam 
(being built five miles upstream from 
the site of the old one) is the latest 
scheme to make full use of the river’s 
possibilities. Behind it will form one 


of the world’s largest artificial lakes, 
1,500 square miles in extent. 

The Aswan High Dam is typical of 
most dam projects in tropical lands. 
It combines flood control and the 
production of electricity with the 
storage of water for irrigation. Apart 
from providing water to increase the 
irrigated land by 30%, the Aswan 
High Dam will eventually produce 
six times the amount of electricity 
used in the whole of Egypt at present. 

Although irrigation is often con- 
nected with Egypt, it is India and 
Pakistan which have the most exten- 
sive systems. In fact one great irriga- 
tion scheme, based upon the Suk- 
kur barrage across the River Indus, 
changed a barren area larger than 
Wales and greater than the total 
amount of Egypt’s irrigated land into 
fertile farmland. 

One of the boldest irrigation 
schemes of modern times is the Snowy 
Mountains project in south-eastern 
Australia. The aim is to impound the 
waters of the Snowy River, which flows 
through a region of adequate rainfall, 
and lead it back through the mountains, 
largely by pipes, to augment the 
waters of the Murray and Murrum- 
bidgee Rivers for inland irrigation. 
The plan calls for the construction of 
nine big dams, more than 100 miles of 
aqueducts and at least ten big power 
stations, some of them underground, 

After water has been led to a field 


by canal or pipe, various methods are 
used to distribute it to the plants. 
Furrow irrigation is often used for 
field crops, the water being run along 
the furrows between the lines of 
plants. When the area to be irrigated 
is fairly small, as in the case of a 
market garden, the water may be 
sprayed over the plants, just as 
sprinklers are sometimes used in 
Britain for lawns during a dry summer 


spell. 


Primitive devices such as treadmills are 
still used in some parts of the world to \ 
lift water to the level of the fields. 
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It is most important that the voltage (pressure) of the electrical 
supply to any appliance remains constant, for when the voltage 
varies so does the current. If the voltage suddenly decreased the 
current would decrease too; the picture on a television set would 
become distorted, while lights and fires would grow dim. If, 
on the other hand, the voltage suddenly increased, the current 
would increase correspondingly; television sets, lights, fires and 
other appliances might ‘blow’. 


CORRECT VOLTAGE 
VOLTAGE TOO HIGH 
——— eee aT 
APPLIANCES FAIL APPLANCES APPLIANCES 
TO FUNCTION FUNCTION MAY ‘BLOW’ 
CORRECTLY CORRECTLY 


The Reason Most 


Countries Have 
an Electric Grid 


LECTRICITY plays an important role in practically 

every home. Lamps, radiograms, television sets, 
electric fires, doorbells, irons, immersion heaters, wash- 
ing machines, electric cookers and refrigerators and many 
other domestic appliances are worked by electrical energy. 
Outside the home it is equally important. Electric rail- 
ways, lifts, traffic lights and street lighting are all part 
of our everyday lives. And less obvious, though even 
more important, is the fact that nearly every object 
you handle has been made either wholly or in part by 
electrically operated machines. 

This widespread demand for electricity only started in 
the closing years of the last century, after the invention 
of the incandescent filament lamp. At that time most of 
the electrical power used was produced either chemically 
(by batteries) or by single generators, many of which 
were privately owned. The natural result of the vastly 
increased demand was the building of central power 
stations, where the great amount of electrical power 
needed could be produced most efficiently. And with this 
came the network of power lines carrying the electric 
current from the generating stations to consumers in 
(eventually) almost every part of the country, and 


(Left) During the night one generator can handle the demand for 
electrical power. (Centre) In the evening two generators are needed 
to meet the consumers’ demands. 


Midnight 
One generator only in use 
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8 p.m. 


Two generators in use 


linking the power stations themselves. 
These are the lines which, supported 
by large pylons placed some 300 yards 
apart, run for miles across the country- 
side. This is the grid system. 

One of the most important features 
of the grid system is that it ensures 
that the current is always supplied 
to the consumer at a constant ‘pres- 
sure’ or voltage. This is of vital 
importance, for there is a definite 
relationship between the pressure 
which produces a flow of electricity 
and the rate at which the electricity 
flows (current strength), a fact which 
was first realised by Georg Ohm, 
a Bavarian schoolmaster, in 1827. 
In a simplified form Ohm’s law states 
that resistance (in ohms) equals 
electrical pressure (in volts) divided 
by current strength (in amps). So, 
if the voltage of the consumer’s 
electrical supply increased for some 
reason and the resistance (the radio, 
television, etc.) remained constant, 
the current strength would increase 
correspondingly. The result of this 
could be drastic. At the very least, 
every fuse in the house would ‘blow’. 
If, on the other hand, the voltage 
decreased, the current strength would 
fall, too. In this case, lamp bulbs 


A current of electricity in a conducting wire 1s similar to water flowing through a pipe. 
Tf you increase the resistance of the pipe to the flow of water through it (left and right) 
the actual current of water will decrease (the pressure remaining the same). In a similar 
way a current of electricity decreases when the resistance of the path through which it 


flows increases. 


would grow dim and many appliances 
fail to function at all. Now this drop 
in voltage is exactly what is likely 
to happen at ‘peak periods’ when 
so many appliances are in operation 
that the electrical power is being 
used faster than the generators at the 
power station can produce it. It is 
rather like a number of pipes leading 
off a reservoir. If the water is allowed 
to flow away through more and more 
pipes the level in the reservoir will 
fall; consequently the pressure at 
which the water is pushed out through 
the pipes will fall and likewise the 
rate at which the water flows (current 
strength). 


(Right) 8 a.m. is one of the peak periods when both generators together cannot produce 
sufficient electrical power to meet the demand and more electrical energy must be brought 
in through the grid system from an outside generator. 


The awkward thing about elec- 
tricity is that, unlike water or gas, it 
cannot be stored. It is not possible to 
form a reservoir of surplus electrical 
energy generated when there is little 
demand for it (in the middle of the 
night, for instance), which can be 
drawn upon when demand exceeds 
production (during the peak periods, 
around 8 a.m. and 6 p.m.). The very 
nature of electricity makes it im- 
possible to store. It is simply a flow of 
electrons brought about by the un- 
natural state of atoms at one end of a 
conducting wire having a surplus of 
electrons while those at the other end 
have less than their share. This state is 
only momentary, for a flow of elec- 
trons (an electric current) im- 
mediately corrects it and at the same 
time can be made to do work. A con- 
tinuous current is achieved by en- 
suring that this unnatural state is 
kept up despite the flow of electrons. 

As electricity cannot be stored the 
only way to maintain a steady voltage 
during peak periods is to bring in 
additional generators. This is just 
what the grid system makes possible. 
When the generators of one power 
station become overloaded electrical 
power is supplied through the grid 
system from another station where the 
generators are not overloaded. What 
happens in practice is that generators 
in the largest power stations, where 
electrical energy is produced most 
economically, are kept running at 
full power the whole time, while the 
smaller, less efficient stations are 
only switched in during a peak period 
and closed down when it has passed. 
Which station should be switched in 
and when is decided at a number of 
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The Transformer. Transformers are devices for changing the voltage of an electrical 
supply. They vary in size from the small boxes used to run model trains to the giants 
which handle enormous quantities of power in the grid system. A transformer consists 
basically of a soft iron core around which is wound a coil of wire called the primary. 
An alternating current is passed through the primary coil and as it surges forwards and 
backwards lines of magnetic force grow out of the coil and collapse back again at regular 
intervals. These lines of force cut across another coil of wire (quite unconnected with the 
first one) called the secondary which is also wound round the core. In doing so they 
generate another alternating voltage in this secondary coil. If the second coil has a larger 
number of turns than the first the voltage generated in it will be much higher than the 
voltage in the primary, and the arrangement is called a step-up transformer. When the 
secondary coil has fewer turns than the primary a lower voltage will be produced and we 
have a step-down transformer. 


FUEL OIL 


ELECTRICITY 


Storage 


You can store gas in a gasholder, water in a 
reservoir and fuel oil in a tank, but you cannot 
store electricity. Electrons themselves can 
be stored—they normally make up the outer- 
most parts of atoms which in turn make up 
every substance in the universe—but it is 
impossible to store a flow of electrons. 


160 


LAMINATED CORE OF 
SPECIAL SILICON STEEL 


napeye 

PRIMARY 
PRIMARY 
CUTS rs 
THROUGH 
SECONDARY 


SECONDARY 
COIL 


Diagram of a transformer (simplified). 


regional control centres. Thus it is 
the grid system which has made it 
possible for an electric current to be 
supplied to all consumers at a steady 
voltage at all times of the day. 

The greatest problem provided by 
the establishment of central power 
stations was the distribution of the cur- 
rent over the many miles of power 
lines. Electrical power, measured in 
watts, is the product of electrical pres- 
sure in volts and current strength in 
amps. Thus, for instance, 100 watts 


- equals 100 volts multiplied by 1 amp. 


But 100 watts also equals 1 volt multi- 
plied by 100 amps and 2 volts multi- 
plied by 50 amps. This means that 
there are two ways in which a certain 
amount of electrical power may be 
transmitted from one place to an- 
other; either as a large current at a 


-low voltage or a small current at a 


high voltage. The first method is very 
wasteful because a large current loses 
much of its energy in overcoming the 
resistance of the wire (the ‘lost’ 
energy is transformed into heat). The 
second method is far better economic- 
ally, for with a very large voltage the 
current can be very small and very 
little energy will be lost in heating the 
wires. This method, used almost 
universally today for the long-distance 
transmission of electrical energy, in- 
volves the use of transformers. The 
voltage at the generating station is 
stepped up by a transformer to the 
132 thousand volts or so maintained in 
the grid system. This is far too high to 
be of use in the home, so at the con- 
sumers’ end of the grid it is stepped 
down again by another transformer 
(or series of transformers) to the stand- 
ard 240 volts of the domestic mains. 
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ESCAPING FROM A SUBMARINE 


AMAGE to a submarine well below the surface of the 
sea can bring hazards to its crew and if it cannot 
surface it may be necessary for them to escape. The 
problems they face in coming to the surface result largely 
from water pressure. 
Water pressure increases rapidly with depth. At the 
surface the pressure is little more than that of air (about 


is very much greater than the air we breathe. But because 
their bodies (or at least the upper parts of their bodies) 
are surrounded by air at an equally high pressure they 
do not notice any difficulty in breathing. The hatch 
is then opened and the men follow each other out through 
the twill trunk, rising straight to the surface. While 
awaiting their turn they breathe air enriched with 


Preparing to escape from a submarine (Left) a sailor pulls down the twill trunk hood below a hatch. (Centre) Water is let into the 
escape compartment by a valve until the pressure inside the chamber equals that of the sea outside. (Right) Diagram of a man escaping 
through the open hatch. He breathes out—by whistling—to offset the decrease of pressure as he rises. (Top Picture) The escape completed, 
a surowwor floats on the surface. 


15 lb. per square inch). The deeper one goes, the more 
this increases, at the rate of about 44 lb. per square inch 
for every 10 feet of depth. At 200 feet down the pressure 
of the water is about seven times as great as normal air 
pressure. Yet submariners can escape from even greater 
depths by using special techniques. 

The system of free escape now used requires little in 
the way of equipment for the men. It is carried out from 
an escape compartment or chamber, devices for dealing 
with the difference between the ocean pressures and those 
inside the submarine. In the system illustrated a flexible 
‘twill trunk’ hood is attached below a hatch in the 
submarine. Water is let in by the crew until the pressure 
inside the escape compartment is the same as that out- 
side. The crew are then breathing air whose pressure 


oxygen from tubes in the submarine to enable them to 
withstand the pressures more safely. 

As the escaper rises towards the surface the water 
pressures are not so great. He must breathe out air from 
his lungs or the air pressure there will not balance that 
outside him. If he did not breathe out there would be a 
tendency for the lungs of the escaper to expand like a 
balloon, the pressure being higher inside than outside. 
As the escaper rises in the water, therefore, he gradually 
breathes out. The best way to do this is to whistle. This 
gives the required control over the emptying of the lungs. 

Having reached the surface of the sea, the survivor’s 
next problem is to stay there until he is picked up. An 
immersion suit insulates the survivor’s body against the 
cold, and a life-jacket ensures that he continues to float. 
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INORGANIC CHEMISTRY 


HE word acid conjures in our 

minds the vision of something 
strong, powerful and dangerous. In- 
deed for the acids which are the 
backbone of industry this is the case. 
There are three important industrial 
acids. These are sulphuric acid, 
hydrochloric acid and nitric acid, 
all of which have tremendous indus- 
trial value but which have disastrous 
effects if mishandled for they react 
with living cells and kill these cells 
causing serious burns. Concentrated 
sulphuric acid has a strong tendency 
to absorb water — giving out a great 
deal of heat in the process. Since 
most living cells contain water the 
effect of sulphuric acid on them is 
particularly drastic. 

The three acids mentioned above 
are called mineral acids because they 
are manufactured from minerals, not 
from living things. In the United 
States alone 15,000,000 tons of sul- 
phuric acid are produced each year, 
much of which is converted into 
ammonium sulphate fertilizer. Sul- 
phuric acid is used in the refining of 
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Fruits contain organic acids. 


petrol, in the making of dyes and 
drugs, textiles, paints and _ plastics. 
Because of its corrosive properties it 
is best stored in glass or plastic 
containers. But not all acids are 
powerful and dangerous like this. 
Vinegar, for example is just as much 
an acid as sulphuric acid and yet it 
is quite harmless. 

What is it that makes sulphuric acid 
and vinegar, which seem so different, 
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q Protective rubber clothing 1s worn by men 
handling acids to protect them from acid 
splashes and from acid fumes. These 
fitters at a chemical plant are tightening a 
joint on an acid-carrying pupeline. 
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both acids? The chemical definition 
of an acid explains how these two 
chemicals fit into the picture. An acid 
is a compound which contains hydro- 
gen and a squad of atoms which act 
as a unit called an acid radical. When 
a metal is put into acid, the acid 
attacks the metal. The metal dissolves 
and takes the place of the hydrogen 
which is pushed out. The acid consists 
of two parts—the hydrogen part 
and the acid radical part. When 
an acid is in a watery or ‘‘aqueous”’ 
solution, the two parts split. In doing 


gen escapes as bubbles of colourless 
gas. You can prove hydrogen is given 
off by blocking the test tube in which 
the reaction is taking place to let it 
collect and then applying a light. It 
explodes with a sort of popping sound. 
The same principle is involved in the 
etching process. The parts of a copper 
plate which you do not wish to be 
etched are covered with an acid 
resistant substance. The plate is 
dipped in acid. The surface of the 
exposed parts is eaten away by the 
acid. After etching, of course the 


so, each hydrogen atom loses an 
electron, becoming positively charged 
—a hydrogen ion. The acid radical 
which has taken up the electron or 
electrons becomes negatively charged 
to form a negative ion. In the case of 
strong acids (such as sulphuric acid) 
in solution, almost all the acid mole- 
cules split in this manner, giving a 
high concentration of hydrogen ions. 
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salts. Each dibasic acid can be used 
to make two series of salts — sulphuric 
acid to make bisulphates and sul- 
phates; carbonic acid to make bicar- 
bonates and carbonates. 

Orthophosphoric acid is a ¢ribasic 
acid. In each molecule of a tribasic 
acid are three atoms of hydrogen 
which can be removed and their place 
taken by a metal to form salts. Ortho- 
phosphoric acid can be used to make 
three series of salts: — dihydrogen 
phosphates, hydrogen phosphates and 
orthophosphates. 

How can you tell if a solution ts acidic? 
Its aqueous solution is tested with blue 
litmus paper. Litmus is a colouring 
matter which is made by fermenting 
lichen (a combined alga and fungus 
found on rocks and trees) with 
potassium carbonate. It is sold as 
small blue tablets or as paper which 
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The acids contained in these fruits and in vinegar are weak and generally harmless. 


But in the case of weak acids such as 
vinegar, not many molecules dis- 
sociate (split up), so there are only afew 
hydrogen ions in solution and there- 
fore the solution is only weakly acidic. 

Acids have a sour taste. In the case 
of the three mineral acids, tasting 
them is a dangerous pastime, but 
with most organic acids (those ob- 
tained from living things), it is quite 
safe. In fact, we eat them in the form 
of unripe fruit and in vinegar. 

Most acids attack metals. If a piece 
of magnesium ribbon is put into an 
acid, the acid attacks it, dissolves it — 
turning it into a salt — and the hydro- 


plates are washed to stop further 
action. 

Acids can be classified into three 
groups according to their composition 
— monobasic, dibasic and tribasic acids. 

Hydrochloric acid and nitric acid 
are monobasic acids. Each molecule 
contains one atom of hydrogen. A 
metal can take its place forming a 
salt. Hydrochloric acid gives rise to 
chlorides, nitric acid to nitrates. 

Sulphuric acid and carbonic acid 
are dibasic acids. In each molecule of 
a dibasic acid there are two atoms of 
hydrogen which can be removed and 
their place taken by a metal to form 


is made by impregnating absorbant 
paper with litmus solution. Litmus 
turns red in the presence of aqueous 
solutions of acids. 

Acids will dissolve carbonates and 
bicarbonates. A salt forms and fizzing 
takes place as carbon dioxide, a 
colourless gas, is given off. This is 
the reaction which takes place when 
the ‘fur’ (calcium carbonate) is dis- 
solved from the inside of kettles. One 
of the most popular preparations used 
for this purpose consists of formic 
acid (an acid found in the bites of 
ants) and water. 

Solutions of acids in water are 
electrolytes. That is to say, they will 
conduct electric currents. The ions 
carry their electrical charges from 
one side of the solution to the other. 
If the ions could not move, no current 
(flow of electrical charges) would 
pass. Sulphuric acid is in fact used 
in car batteries. 

Iron is a cheap metal and because 
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Never pour Water into Concen- 
trated Acid 
The water causes enough heat of solution 
to make parts of the acid boil. Steam 
comes off and boiling acid flies out of 
the container. 


of this fact is widely used, but it rusts. 
To prevent rusting, iron is often 
covered with a thin layer of zinc or 
enamel. To do this the. surface must 
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zadissolves a layer of surface iron, thus 


Litmus is an indicator. Any solution 
which changes the colour of litmus from 
blue to red is sure to contain some kind 
of acid. Red litmus (right) paper is not 
affected by acids. 


be perfectly clean. The industrial 
cleaning of iron is called ‘‘pickling”’. 
Sheets of iron to be cleaned are 


jdipped in baths of sulphuric acid or 
© hydrochloric acid which dissolves the 


outer layer of oxide on the iron. It 


loosening any other dirt. The iron is 
left in the bath for only a short time 
as leaving it in longer wastes the acid 
and eats away too much iron. The 
household cleaning of tarnished brass 
and copper with weak acids such as 
vinegar or lemon juice works on a 
similar principle. 

Special clothing must be worn by 
men handling acids to protect them 
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ONE HYDROGEN” 


When a metal such as magnesium is 
dipped into an acid, the magnesium takes 
the place of hydrogen and the hydrogen 
as pushed out. It explodes when a light 
1s applied. 

from serious burns should an accident 
occur. Most industrial acids are sold 
in their concentrated forms — obvi- 
ously it is senseless to transport 
unnecessary water. For most labora- 
tory purposes they must be diluted 
with water. The acid must be poured 


slowly into water, never water into 
acid. The water must not be allowed 
to become too hot because of heat 
which is given out (called heat 
of solution). To pour water into 
concentrated acid is very dangerous 
because the water causes enough 
heat of solution to make parts of 
the acid boil. Steam and boiling acid 
spurt out of the container. 
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Monobasic acids with one hydrogen atom per molecule can be used to make one series of salts. Dibasic acids with two, can be used to make 


two series; tribasic acids with three hydrogen atoms 


per molecule, can be used to make three series of salts. 


| HEAT PHYSICS | 


Thermostats 


HE housewife who puts a rice 
pudding into her oven would be 
justifiably annoyed to find it had been 
charred to a cinder after ten minutes. 
She has come to expect that by 
turning a dial on the oven she can 
control the temperature with con- 
siderable accuracy. The dial she turns 
operates a device called a thermostat. 
Similar controls in the house may 
regulate the refrigerator, the immer- 
sion water heater and the electric iron, 
and possibly the central heating 
system. Thermostats are used in fact 
wherever a set temperature has to be 
maintained over a period of time. 
How does a thermostat control 
temperature? Very simply it is a 
switch which turns off the supply of 
fuel or energy (e.g. electricity, gas or 
oil) when the temperature becomes 
too high. When the heater cools down, 
the thermostat switches on the supply 
again. The temperature is kept more 
or less constant by the continual 
switching on and off. From this it can 
be seen that the two essential features 
of the thermostat are a temperature- 
sensitive device and a_ switch 
mechanism attached to it. 
Thermostats which switch an elec- 
tric current on and off are nearly 
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Two riveted metal strips bend on heating 
uf one expands more than the other. 


Like the majority of thermostats this one 
(a central heating regulator) contains a 
bimetallic strip. The strip carries one of 
the contacts of an electric switch. 


always of the “bimetallic strip” type. 
A bimetallic strip is really two strips 
of different metals fastened together 
along their lengths. Metals, like every- 
thing else, expand when they are 
heated. Some expand more than 
others. The two metals used in the 
bimetallic strip are chosen so that 
one (e.g. aluminium) expands more 
than the other (e.g. steel) for the same 
rise in temperature. Because they are 
fastened together the strips bend into a 
curve as they expand. The metal 
which expands most (e.g. aluminium) 
always forms the outside of the curve. 
As the temperature drops the metals 
contract and the curve straightens out. 

In a thermostat one end of a bi- 
metallic strip is fixed and the other 
end rests against an electrical contact. 
When the strip warms up it bends 
away from the contact and thereby 
breaks an electrical circuit. This stops 
(switches off) the supply of current 
to the heating element and gradually 
the temperature falls. The strips 
straighten as they cool until the free 
end touches the electrical contact 
and the circuit is completed once 
more. 

The temperature at which the 
circuit is broken can be selected by 
screwing the electrical contact to- 
wards or away from the bimetallic 
strip. If the contact is screwed firmly 
against the strip a large expansion is 
needed before the strip bends suff- 
ciently to part company with the 
contact. The amount of bending is 
roughly proportional to the rise in 


Thermostat from a gas-heated oven. As the 
brass tube expands on heating it closes a 
valve and cuts down the supply of gas to 
the burners. 
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A sensitive type of thermostat used in 
laboratories. The spiral glass tube contains 
a liquid called toluene which expands con- 
siderably on heating. As it expands it 
pushes a pellet of mercury along the tube. 
Unlike toluene, mercury will conduct elec- 
tricity. So when the pellet lres between 
two electrical contacts it provides a route 
for current flowing to a heating jacket. 


temperature. If the contact is only 
just touching the strip a small rise in 
temperature will cause enough bend- 
ing to break the circuit. 

The thermostat on a gas heater also 
depends upon the unequal expansion 
of two metals. Before reaching the 
burners the gas has to pass through a 
valve. One side of the valve is fixed 
to a brass tube, the other side is fixed 
to a rod of invar (an alloy which 
hardly expands at all on heating). 
As the temperature of the brass tube 
rises it expands and pushes forward 
the side of the valve attached to it. 
The side of the valve attached to the 
rod of invar does not move; conse- 
quently the expansion of the brass 
closes the valve and cuts down the 


gas supply. 
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The human elbow showing the attach- 
ment of the muscles to the outside of the 
skeleton (endoskeleton). 


(A) Part of an arthropod limb showing 
the attachment of the muscles to the 
inside of the skeleton. Note how thin 
the skeleton is at the joints compared 
with other parts. When the right hand 
muscle contracts (B) the lower part of 
the limb is moved from left to right. 
The left hand muscle contracts to pull 
it from right to left. 
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| BIOLOGY | 


EXOSKELETONS 


the exoskeletons of arthropods 


HEN you eat turkey you take the 
meat (muscle) from the outside 
of the bones. On the other hand with 
a crab or lobster you have first to 
crack the shell open before you can 
obtain the meat from inside it. The 
bones of the turkey form an inner 
skeleton (endoskeleton) to the ouéside 
of which the muscles are attached. 
The shell of the crab forms an outer 
skeleton (exoskeleton) and _ the 
muscles are attached to its msde. 
Snails, clams and most other 
molluscs have a hard shell forming an 
exoskeleton. Many other animals 
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The shell of an arthropod is rather 
like a suit of armour in that it is 
jointed and the muscles are so ar- 
ranged across the joints that the parts 
of the exoskeleton are able to move in 
relation to each other. The shell also 
covers the limbs which are jointed 
(the name arthropoda means ‘jointed 
limbs’) and these act as levers moved 
by the muscles inside. This move- 


ability of parts accounts to a great 
extent for the success of the arthro- 
pods today. No other land-dwelling 
invertebrates and only the cephalopod 
(octopuses, 


molluscs squids, and 
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Simplified diagram to show the structure of (left) the arthropod cuticle and (right) the 


crustacean cuticle. 


have structures that form an outer 
covering over all or part of their 
body — the scales of fishes and reptiles, 
the shell of turtles and tortoises, the 
feathers of birds, the hair of mammals 
are examples— but none are more 
effective protective coverings than 
the arthropod shell. 

Most kinds of arthropods live on 
land and theshell also provides the sup- 
port which this environment does not 
supply (the weight of a water-dwelling 
animal is supported by the water). 


cuttlefish) amongst water-dwelling 
invertebrates are able to move about 
so freely. 

The exoskeleton, besides being pro- 
tective and providing support and 
allowing free movement because of 
its jointing, is also almost impermeable 
to water in both directions. This is of 
tremendous importance to arthro- 
pods on land, of which the insects 
make up by far the largest group. It 
reduces to a minimum the quantity 
of water that is lost from the watery 
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tissues within the shell by evaporation 
as a result of the drying effects of 
the sun. 

Though the arthropod shell has the 
considerable advantages described it 
has one very great disadvantage. It 
restricts growth. The body is always 
outgrowing it. Because of this the 
shell has to be shed or moulted from 
time to time. Increase in size can only 
occur during the short time that the 
new shell is still soft and pliable. 
Once this has hardened no further 
growth takes place until the next 


~ 


emerges from its old shell after splitting it along the 


The shell of a crab may seem to 
bear little external resemblance to 
that of an insect but in fact the 
structure of the exoskeleton is very 
similar in most arthropods. The horny 
outer covering or shell of arthropods 
is called the cuticle. It is produced by 
the layer of cells underneath it called 
the epidermis. 

The cuticle consists of two.main 
layers, an inner endocuticle lying im- 
mediately outside the epidermis and 
an outer epicuticle. The endocuticle 
consists of numerous very thin layers 
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moult. Most arthropods moult many 
times during their life arid they there- 
fore grow in a series of jerks. 

An arthropod which has just 
moulted is defenceless, for its body is 
‘naked’ and it can move very little 
since its muscles have no hard skeleton 
to pull on. The lack of a hard shell 
just after moulting also restricts the 
size to which arthropods can grow, 
for they would collapse under their 
own weight if they reached anything 
like the size of a large mammal. 


LOBSTER 


of a substance called chitin which is 
tough and flexible. The outer layers 
of chitin are darker in colour than the 
inner layer, due to the presence of 
proteins which have been ‘tanned’. 
Tanning makes this part of the endo- 
cuticle hard and rigid (it is often 
called the exocuticle) whereas the 
layers next to the epidermis are 
flexible. The epicuticle is composed 
of two main layers, an outer’ waxy 
layer which gives the cuticle its 
waterproof qualities, and an inner 


hind and side edges. 


protein layer which is very hard. 

The combination of a waterproof 
outer layer with hard rigid layers 
and more elastic layers inside these 
gives the arthropod cuticle its special 
properties. 

In crustaceans (crabs, lobsters and 
the like) the outer part of the endo- 
cuticle has calcium salts deposited in 
it. These are largely responsible for 
the hardness of the crustacean cuticle. 

The arthropod’s suit of armour does 
not have walls of uniform thickness. 
It is made up of a number of separate 
plates (sclerites) which are fastened 
together at the joints by thin flexible 
areas. The cuticle here is generally 
not hardened at all so that the skele- 
ton bends quite freely, and _ the 
exocuticle may be absent altogether 
so that, of the endocuticle, only the 
flexible inner part remains. In insects, 
where flight depends very much on the 
rigidity and flexibility of the cuticle, 
the exocuticle is well developed 
in the wing-bearing segments. 

The cuticle, besides covering the 
body and limbs of arthropods, pro- 
jects into the body in places forming a 
system of plates (apodemes) which in 
some crustaceans (e.g. crabs and 
lobsters) is so extensive that it is 
called the endophragmal _ skeleton. 
The apodemes increase the area avail- 
able for the attachment of muscles, 
give internal support, particularly to 
the head and middle region (thorax) 
of the body. They also support and 
protect some of the internal organs. 
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NUCLEAR PHYSICS 


LINEAR ACCELERATORS 


HE linear accelerator is a very large piece of scientific 
apparatus which is used, like the more famous cyclo- 
tron, for speeding up streams of particles. These particles 
are extremely small, smaller even than atoms, and are 
nearly always positively charged with electricity. The fast- 
moving particles are fired at atoms in order to change 
them into different atoms. Any apparatus in which this 
is done is popularly known as an ‘‘atom smashing 
machine’’. 

The principle of the linear accelerator is simply that 
in electricity like charges repel and unlike charges attract. 
If two metal plates are connected to opposite terminals of 
a battery one will become positively charged and the other 
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will become negatively charged. A positively charged 
particle that is free to move between the plates will be 
repelled by the positive plate and attracted by the nega- 
tive plate and it will travel from one to the other. It will 
not travel at a steady speed — its speed will increase all 
the time. In other words it is accelerated. But it is most 
unlikely to gain much speed unless a really enormous 
high-voltage battery is used. (Voltage is the electrical 
“pressure” which drives electrical charges from one part 
of a circuit to another). The outstanding feature of a 
linear accelerator is that it can increase the speed of 
particles without the need for very high voltages. 

The linear accelerator consists of a long row of hollow 


ae 
i 
sy 
=f 
es 
=) 
3 


ee. ae 


The linear accelerator illustrated above 1s a modern device for 
producing beams of high-energy atomic particles. Step by step the 
speed of the particles increases until, by the time they emerge 
from the final cylinder, they are moving fast enough to break up 
atoms placed in their path. 


metal cylinders. At one end is the source of charged 
particles, at the other end is the target to be bombarded. 
The whole apparatus is enclosed in a sealed container. 
When it is working the air is pumped out — otherwise the 
moving particles would lose much of their energy in 
colliding with air molecules. The metal cylinders are 
known as electrodes. Each one is longer than the previous 
one with the smallest next to the source and the largest 
next to the target. A gap of several inches separates each 
electrode from its neighbours. All the odd numbered 
electrodes are wired together and all the even numbered 
electrodes are wired together. The series of odd numbered 
electrodes is connected to one terminal of an oscillator and 
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POSITIVE PARTICLE REPELLED BY FIRST CYLINDER, ATTRACTED BY SECOND. 


PARTICLE INSIDE SECOND CYLINDER SHIELDED FROM FORCES. 
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PARTICLE REPELLED BY SECOND CYLINDER, ATTRACTED BY THIRD. 


The charge on each cylinder must be reversed completely in the 
time it takes for a particle to pass through a cylinder. 
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the series of even numbered electrodes is connected to the 
other terminal of the oscillator. The oscillator is an 
electronic device which delivers an alternating voltage, 
i.e. a voltage which reverses its direction several million 
times per second. In effect it is as if the connections to a 
battery were reversed very quickly time and time again. 


Particles are Speeded up 

The source of particles is wired in with the series of 
even numbered electrodes. At one particular moment 
when this series is positively charged, the series of odd 
numbered electrodes will be negatively charged. Positive 
particles will therefore be repelled by the source (i.e. 
pushed out from it) and attracted to the first electrode 
(at that moment negative). They will travel across the 
gap between the source and electrode number one, and 
they will gather speed in the process. Once inside the 
hollow electrode they travel at a steady speed, for they 
are sheltered from any forces of attraction or repulsion. 
The ends of the electrodes are shaped in such a way that 
they “‘focus’” the beam of particles, i.e. keep the beam 
from spreading out. Particles leave the electrode at 
the same speed at which they entered. But while they 
were inside the electrode the voltage has been reversed. 
Electrode number one is now positive (pushing the 
positive particle on its journey away from it) and 
electrode number two (attracting the positive particle 
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next they speed up a little. The greater the number of 
electrodes employed, the greater the speeds the particles 
attain. There is a limit to the speeds which can be 
achieved in this way because of the difficulty of focusing 
the beam of very high-speed particles. Also the electrodes 
at the target end of the accelerator would need to be 
ridiculously long. 


The Need for Linear Accelerators 

What is the reason for wanting to bombard atoms with 
fast-moving particles? The atoms of any one element 
are all alike but different from the atoms of any other 
element. The atoms of a particular element contain, in 
their central cores or nuclei, a definite number of positively 
charged particles called protons. They also contain 
uncharged particles called neutrons. An atom which by 
some means alters the number of protons in its nucleus 
becomes an atom of a different element. In other words the 
element is transmuted into another element. With modern 
knowledge of the structure of the atom it is indeed possible 
to transmute elements—provided that we can afford to 
buy the necessary apparatus. For centuries it was the 
alchemists’ dream to turn one element into another — 
preferably gold. But no-one ever succeeded in doing so 
merely by using a test tube. 

The obvious way to increase the number of protons in 
an atomic nucleus is to fire protons at it. Actually, in the 
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Particles from a source on the left are speeded up as they pass through the gaps between adjacent cylinders. They emerge at high speed 
from the final cylinder to bombard a target on the right. 


on towards it) is now negative. The particles are 
attracted across the second gap and again they are 
accelerated. It is most important that the time taken 
to reverse the voltage should be exactly equal to 
the time taken for the particles to travel through the 
electrode. A simple adjustment to the oscillator alters 
the rate at which the voltage reverses so that it can be 
synchronized with the speed of the particles. The par- 
ticles must spend the same time travelling through elec- 
trode number two as they did travelling through electrode 
number one, otherwise they will emerge before the voltage 
has completely reversed and the next acceleration will not 
happen at the right moment. To allow for the faster and 
faster movement of the particle, electrode number two 
is made slightly longer than electrode number one, elec- 
trode number three is made slightly longer than electrode 
number two and so on. 

Each time the particles cross from one electrode to the 
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first artificial transmutation (nitrogen into oxygen), Lord 
Rutherford used not protons but alpha particles as his 
‘“‘ammunition”’. Alpha particles are given off in streams 
by radium and other radioactive materials. Each alpha 
particle consists of two protons merged with two neutrons 
—it has, of course, an overall positive charge. As well as 
protons and alpha particles the other common ‘“‘pro- 
jectile” for firing at nuclei is a particle called a deuteron. 
This consists of a proton merged with a neutron. It, too, 
has a positive charge. 

Since positive charges repel other positive charges there 
is a force of repulsion between the nucleus of an atom and 
the protons, deuterons or alpha particles fired at it. To 
overcome the force of repulsion the projectiles must be 
given high energies. High energies require high speeds 
and high speeds are provided by particle accelerators. 
Other ‘“‘atom smashing machines” such as the cyclotron 
and the synchrotron will be described in future articles. 


| INORGANIC CHEMISTRY | 


The Halogens and the 


Salis in the Sea 


HE halogens are a family of elements 
which are very useful (both when 
free and when combined). Fluorine is 
a dangerous pale yellow gas which 
can be made into hydrofluoric acid, 
a substance used in industry for etch- 
ing glass. Bromine is a red liquid which 
combines with silver to form silver 
bromide — the light-sensitive chemical 
put into films and _ photographic 
plates. Jodine is a black solid which 
gives a beautiful purple vapour on 
heating. It dissolves in alcohol to give 
“tincture of iodine’’, a brown liquid 
used as an antiseptic. Chlorine is an 
unpleasant pale green gas which was 
used in World War I as a poison gas. 
Small quantities of the gas in the air 
produce headaches and sore throats 
and sore eyes, whereas larger amounts 
will kill. Yet it is a remarkable fact 
that common salt is a necessity in our 
diet. We use it every day to make our 
food palatable and tasty. Common 
salt contains chlorine, but in this 
chemically combined form it is not 
harmful, but beneficial. 

These four elements, fluorine, chlor- 
ine, bromine and iodine, belong to the 
halogen family and are very much 
alike in their chemical behaviour. 
The halogens are so extremely re- 
active chemically that they are not 
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Tincture of iodine 1s a solution of iodine in alcohol. It is used as an antiseptic. Iodine 
itself is a black solid which gives a purple vapour on heating. 


found free in nature. Free chlorine, 
being a gas, would otherwise be 
present in the air and life would be 


SODIUM CHLORIDE SODIUM FLUORIDE 


very unpleasant for us, if not im- 
possible. 
Each halogen has a similar elec- 


@ ee 


SODIUM BROMIDE SODIUM IODIDE 


The halogens do not occur as the free elements. Salts in which halogens are combined with 
metals are called halides. Those shown above are present in sea water. 
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Hydrofluoric acid 1s a dangerous substance 
which even attacks glass. It is used to etch 
this material. 


If | cu. mile of sea water was evaporated 
it would leave a pile of salts from which 
the following amounts of free halogens 
could be obtained: . 
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FLUORINE | 
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tronic structure in that their atoms 
each have seven electrons in their 
outer shells, and there is a great 
tendency for them to gain an extra 
electron so making a stable ‘shell of 
eight electrons. During chemical com- 
bination this state of stability is 
achieved, a single electron being 
gained from, say, metal atoms which 
tend to shed electrons. Thus the 
halogens are always combined very 
firmly with some other element or 
elements. It is possible, however, to 
split such combinations and release 
the free halogen. It is then necessary 
to store it carefully, otherwise it 
would quickly react with other sub- 
stances and become recombined. 
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Silver bromide in an emulsion of gelatine covers the surface of photographic films. It 
is sensitive to light, breaking down to metallic silver when exposed. 


UNEXPOSED FILM COATED WITH 
SILVER BROMIDE. 


The halogens are chiefly found 
combined with certain metals in the 
halides. For example :— Sodium chlor- 
ide (common salt), sodium fluoride, 
sodium bromide, sodium iodide. 

These substances are salts which 
dissolve in water. They occur in the 
sea and help to make it salty. This is 
the reason why the family of elements 
is called halogen. The word means 
salt-former. 


EXPOSED FILM, SILVER BROMIDE 
DECOMPOSED TO METALLIC SILVER 


If 1 cubic mile of sea water (weighb- 
ing nearly 5,000,000,000 tons) was 
evaporated it would leave enough of 
these salts to produce the quantities 
of halogens shown in the diagram 
at the bottom of page 171. 

Chlorine is the most important 
halogen. There are large deposits of 
common salt or sodium chloride 
from which chlorine is manufactured 
by a process known as electrolysis, of | 


Benzene hexachloride can be used for crop spraying. It is one of the insecticides that contain 


combined chlorine. 


Chlorine Products 
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brine (salt solution). This is the 
passage of an electric current through 
the solution which is split up to give 
chlorine gas and metallic sodium. 

A large proportion of chlorine pro- 
duced is used in bleaching wood pulp 
(in the paper-making industry) and 
cotton cloth. On the other hand, very 
small quantities of chlorine dissolved 
in community water supplies are 
sufficient to kill bacteria responsible 
for such diseases as typhoid. For the 
same reason it is put in most indoor 
swimming pools, the characteristic 


smell of which is due to chlorine. 

Chlorine is also contained in com- 
pounds used as insecticides. D.D.T. 
is a household word. It stands for 
dichloro-diphenyl]-trichloroethane. Ben- 
zene hexachloride made from coal tar 
and chlorine is used to kill the dread- 
ful locust pest responsible for laying 
waste vast areas of crops. 

As its name suggests, carbon tetra- 
chloride is a compound which contains 
chlorine chemically combined with 
carbon. It is a solvent used for 
removing fatty stains from clothes and 
used by dry-cleaners. It is also used 
in certain types of fire-extinguishers, 
because it forms a heavy non- 
inflammable vapour which blankets 
the fire and prevents air getting to it. 
Trichloroethylene is also used in dry- 
cleaning, in extracting oil from seeds 
and as a solvent for perspex. 

In the field of anaesthetics, chloro- 
form was used widely until a few years 
ago. Ethyl chloride is used as an 
anaesthetic in surgery. 

Ethyl chloride is also used to make 
a group of important new substances 
called the silicones which form the 
basis of car and furniture polishes and 


certain types of lubricants. 

Some of the almost universally 
known plastic articles are made of 
P.V.C. — polyvinyl chloride. Transpar- 


ent (plastic) mackintoshes,. lamp 
shades, curtains and hay-stack covers 
are made of P.V.C. 

The well-known acid, hydrochloric 
acid, is prepared from hydrogen and 
chlorine and water. The acid has 
many uses and large quantities are 
used to remove rust from iron prior to 
galvanizing (covering iron with a 
protective coating of zinc). 


| FAMOUS SCIENTISTS 


MARCELLO MALPIGHI was born in 1628, the son 

of a farmer, who lived in Bologna in Italy. At the 
age of 25 he was granted the degree of Doctor of Medicine 
at Bologna University. After teaching at Pisa and Messina, 
he returned to his old university where he carried out 
many of his studies. 

Malpighi was one of the most successful of the scientists 
who pioneered the use of the microscope. His first major 
work was concerned with developing William Harvey’s 
ideas on the circulation of the blood. Harvey had suggested 
that the arteries and veins must somehow be connected 
in order that blood could flow from one to the other, 
but he was unable to observe any such links. Malpighi, 
studying the lung of a frog under a microscope, was able 
to make out the tiny capillary tubes which perform this 
function. “‘Hence’’, he wrote, “it was clear ... that the 
blood flowed away along tortuous vessels and was not 
poured into spaces, but was always contained within 
tubules, and that its dispersion is due to the multiple 
winding of the vessels.”’ 


Marcello Malpighi notes down the obser- 
vations he has made through his micro- 
scope. (The instrument pictured here is 
based on Hooke’s microscope.) 


The microscopist studied a wide variety of subjects. 
He succeeded in dissecting a silkworm under a micro- 
scope, showing that it had a complicated structure just 
like other animals. Before this it had been believed that 
such small creatures had no internal organs at all. He 
also traced the development of the embryo chick in the 
egg. The Italian scientist’s investigations into the human 
body have been recorded in the naming of the Malpighian 
layer (one of the layers of the skin) and the Malpighian 
bodies in the kidney. 

Together with Nehemiah Grew (1628-1711), Malpighi 
is considered to be one of the founders of the study of 
plant anatomy, for he examined in detail the structure 
and development of many plants. During his last years 
he held the post of medical adviser to Pope Innocent XII. 
Malpighi died in 1694. 
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Electric Current—A.C. and D.C. 


"THE current produced by a battery is a direct current 

(D.C.) because it flows in the same direction all the 
time. The electrons drift along a metal wire in one 
direction from the negative terminal of the battery to 
the positive terminal (the “‘conventional”’ current shown 


in circuit diagrams flows from positive to negative). 
When the direction of the flow of electricity is reversed 
at regular intervals the current is called an alternating 
current (A.C.). The electrons surge backwards and for- 
wards along the wire. 


Each complete to-and-fro motion of the electric current 
is called a cycle, and the number of to-and-fro motions 
(cycles) that the current makes in one second is called 
its frequency. In the United Kingdom the electricity used 
in our homes is supplied at 50 cycles per second. (In the 
United States the frequency is 60 cycles per second). 

As the illustrations show, the strength (electrons flowing 
per second) and direction of the alternating current are 
changing all the time. During a complete cycle the 
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current strength starts at zero (no electrons flowing) and 
builds up to a maximum flow in one direction before 
falling again to zero (stopping) and then starts again in 
the opposite direction building up to a maximum flow 
in the opposite direction before again coming to a stop 
(zero flow). 

With a direct current from a battery the current strength 
increases from zero to a steady level as soon as the circuit 
is completed. Only when the circuit is disconnected, or 
when the battery runs down, does the current strength 
fall off. 

Although the eye apparently sees a continuous output 
of light from an electric lamp working off the A.C. mains 
supply, the light is in fact flickering very rapidly—1oo 
times per second when the frequency of the current is 50 
cycles per second (120 times per second for 60 cycles per 
second). This is because at two points in each cycle the 
current strength falls to zero (at the instant when the 
electrons change direction they are not flowing). Because 
the strength and direction of the electron flow in a direct 
current are constant a light supplied by direct current 
does not flicker. 

A.C. is just as efficient as D.C. for operating electrical 
apparatus, such as heating appliances, lights and motors. 
In addition A.C. has one remarkable advantage—it can 
multiply or divide its voltage (pressure) with the aid of 
two coils of wire—a transformer. 

The voltage of an alternating current can be changed 
much more efficiently and easily than the voltage of a 
direct current. For this reason the electricity supplied to 
our homes is nearly always in the form of an alternating 
current. To change the voltage of the A.C. mains a 
transformer is used, but this device cannot change a 
steady (D.C.) voltage. 

It is possible to generate an alternating current of 
several thousand volts at the power station. With a trans- 
former this can be stepped up to over a hundred thousand 
volts for carriage in overhead supply lines. It can then 
be stepped down for supply to the home in hundreds of 
volts. If electricity were sent all the way from the power 
station to the consumer at a low “pressure”’ of, say, 240 
volts the supply lines would become hot and waste a 
great deal of electrical energy. 


HEN rays of light pass at an 
angle from one transparent sub- 
stance to another they are bent or 
refracted. This always happens when 
one of the substances is optically 
light 


denser than the other, Le. 


to demonstrate with the aid of an 
underwater lamp. If an_ observer 
stands above the surface of the water 
in such a position that light rays from 
the lamp must strike the boundary 
between the water and the air at an 


travels less quickly in one than the 
other. For example light passing 
from air to water is slowed down, 
and is bent towards the normal (a line 
at right-angles to the water surface). 
Light passing from water to air is 
speeded up and is bent away from the 
normal. The angle a light ray in 
water makes with the normal is 
always less than the angle the light 
ray in air makes with the normal. 
Thus there must be a certain angle 
at which light rays travelling in 
water will, after refraction, pass di- 
rectly along the surface. The angle 
at which this happens is called the 
critical angle. For water the critical 
angle is 49°, for glass 42°, and so on. 
When the angle of incidence (the 


Superior mirage 
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angle at which the light rays strike 
the surface of separation, measured 
from the normal) is greater than the 
critical angle the light ray does not 
enter the second substance (e.g. air) 
at all; instead, it is reflected. A 
certain amount of reflection always 
takes place from a surface when 
refraction takes place through it and 
the amount of light reflected in- 
creases with the angle of incidence 
until the critical angle is reached. 
Above this point all of the light is 
reflected. 

Total internal reflection is easy 


angle greater than the critical angle 
in order to reach his eye, he will be 
unable to see the lamp. The light 
rays travelling in his direction will 
never leave the water; they will be 
reflected from the surface of separation 
between the water and the air. 
Mirages are examples of total in- 
ternal reflection. The conditions most 
likely to produce a mirage in the 
desert would be a layer of hot air 
lying immediately above the ground 
with cooler air above it (this is quite 
usual during the day because the 
ground becomes so hot). Light rays 
from a distant object, e.g. a tree, 
would travel in a straight line through 
the cool air to an observer’s eye. 
But other light rays from the tree 


would travel towards the ground and 
come in contact with the surface of 
separation between the cool and the 
hot air with their different optical 
densities. The rays which struck this 
surface very obliquely (at an angle 
greater than the critical angle) would 
be reflected upwards again and thus 
reach the observer’s eye. In this way 
the observer would see the distant 
tree not only upright but also in- 
verted, as though mirrored in a pool 
of water. You can see a similar effect 
on heated roads during the summer. 
The reflection of the sky and clouds 


Inferior mirage 


An inferior mirage often to be seen on a 
hot summer day. The sky and clouds appear 
to be reflected in a pool of water on the road 
ahead. This is caused by heated air lying 
immediately above the road. As you drive 
towards it the ‘pool of water’ disappears. 


appears just above the surface of the 
road as though mirrored in a pool of 
water. This is known as an inferior 
mirage. 

More spectacular mirages are the 
type sometimes seen at sea. They may 
take the form of a ship floating in the 
air, or the lights of a distant city 
shining in the sky. The conditions 
needed to produce this kind of mirage 
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(supertor mirage) are exactly opposite 
to those needed in the previous case. 
It requires a thick layer of cold air 
lying above the surface of the sea 
with warmer air above it. The light 
rays from the ship which travel 
upwards and strike the surface of 
separation between the cold and 
warm air at an angle greater than 
the critical angle are reflected back 
into the eye of the distant observer. 
In this way an observer may see a 
ship mirrored in the sky, though the 
actual ship may be out of sight, 
hidden by the curve of the Earth. 
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| SOUND | 


RESONANCE 


EVERYTHING that makes a sound 

is vibrating. The tolling of a bell 

is simply the vibration of the metal 
shell when it is struck by the clapper. 
The vibrating shell pushes and pulls 
the surrounding air which in turn 
pushes and pulls the air beyond. In 
this way the vibrations of the bell are 
transmitted through the air to our 
ears where they are picked up as 
sounds. The pitch of any sound is 
decided by how fast the air is ‘shaken. 
The lower the frequency of vibration 
the lower the note and the higher the 


A wind instrument’s effective resonant 
length is changed by unstopping a hole. 


ordered to break step; there is just a 
slight chance that the frequency of 
the marching steps might equal the 
natural (resonant) frequency of the 
bridge and cause vibration to build 
up to a dangerous extent. It has been 
known for gusts of wind to strike an 
apparently sound bridge at a rate 
equal to its natural frequency and for 
swaying to build up until the whole 
structure has collapsed. In a similar 
way wine glasses can be shattered by 
the singing of high notes. Again the 
explanation i is that the glass vibrated 


frequency the higher the note. You 
cannot hear a swinging pendulum 
nor a dog-whistle because some notes 
(frequencies) are too low and others 
too high for the human ear to detect. 

Every object has a natural frequency 
of vibration. In other words, if an 
object is allowed to vibrate freely it 
will make a definite number of 
vibrations each second. An object can 
be made to vibrate at almost any rate 
we wish by applying forces to it at 
regular intervals (this is called forced 
vibration) but the amplitude 
(strength) of the vibrations will be 
small. Resonance is the enormous in- 
crease in the size of the vibration that 
occurs when the frequency of the 
applied force happens to equal the 
natural frequency of the object. 

A suspension bridge, for instance, 
has a natural frequency of vibration 
depending upon a number of factors 
such as its size, method of construction 
and the materials from which it is 
built. This is why a company of 
soldiers crossing such a_ bridge is 


176 


vigorously in sympathy with. sounds 
whose frequencies are the same as the 
natural frequency of the glass. Waves 


of compressed air (sound waves) 
striking the glass at the same rate as its 
natural frequency cause resonance and 
the glass literally shakes itself to pieces. 

Musical instruments depend upon 
the fact that every stretched string, 
every pipe, diaphragm or reed has 
its own natural vibration frequency. 
When set in motion each will send 
out vibrations of its own frequency 
into the surrounding air. If a guitar 
string is kept at a constant tension it 
will vibrate at the same rate every 
time it is plucked. In other words, 
the note produced will always be the 
same, since the pitch of the sound 
depends upon the frequency of vibra- 
tion. An organ pipe will always 
produce the same note too. When a 
jet of air strikes the sharp edge of the 
pipe it vibrates at many different 
frequencies but only one of these, 
equal to the natural frequency of the 
pipe, will cause the air in the pipe to 


vibrate any considerable amount and 
produce a loud note, i.e. will cause 
resonance. 

The natural (or resonant) fre- 
quency of a pipe can be altered if the 


If two strings are tuned to the same note 
(t.e. tuned so their natural frequencies are 
the same), and one is plucked the other 
vibrates as well. The sound waves cause 
a sympathetic vibration. 


length of the vibrating column of air 
in the pipe is changed. In other 
words the pitch of the sound or note 
it produces can be altered in this way. 
The shorter the length of the air that 
is allowed to vibrate the higher the 
frequency of vibration and hence the 


A singer can shatter a wine glass by 
singing a note of the same frequency as 
the natural frequency of the glass. 


higher the note. The longer the 
length that is allowed to vibrate the 
lower the frequency and the lower 
the note. The slide of a trombone, for 
instance, alters the resonant length 
of the pipe, i.e. the length of the 
column of air that is allowed to 
vibrate (in sympathy with one of the 
many forced vibrations set up by 
players’ lips) and thus alters the note 
it is heard to play. 


| INORGANIC CHEMISTRY 


BASES 


ACID solutions turn blue litmus red. 

There are, however, a number of 
solutions which turn red litmus blue 
and which neutralize acids. These 
are the alkalis. There are four prin- 
cipal ones, of which ammonium hy- 
droxide, commonly called ‘house- 
hold ammonia’, is probably the best 
known. The others are sodium hy- 
droxide, potassium hydroxide and 
calcium hydroxide. Substances that 
are able to neutralize acids are known 
as bases. The alkalis are not the only 
bases: they are merely the ones 
which will dissolve in water to give 
a solution. The other bases are the 
oxides and (insoluble) hydroxides of 
metals. When a base neutralizes an 
acid it produces a salt and water only. 
This is how the chemist defines a base. 

One thing all bases (including 
alkalis) have in common is that 
they destroy acids—they are them- 
selves destroyed by the acids at the 
same time. If you took a solution of 
sodium hydroxide and added it to 
hydrochloric acid (having the correct 
quantities of each) you would find on 
analysis that no acid or alkali re- 
mained. A drop of purple litmus would 
turn neither red nor blue. The solu- 
tion would be neutral. The ‘chemical 
opposites’ have destroyed each other 
to produce common salt and water— 
harmless, neutral, useful substances! 
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Spreading lime to sweeten acidic (sour) soil. Few crops will grow properly in acidic 
soil. Rain washes the powdered lime into the soil in the form of calcium hydroxide— 
a weak base. Calcium hydroxide reacts with, and destroys, the acids in the soil. 


THE ALKALIS 


SODIU 
HYDROXIDE 


You would not notice that any change 
had taken place until the solution was 
evaporated, leaving a crust of white 
common salt crystals in the basin. 
The soluble bases, or alkalis, are 
very important substances. About 
500 different trades use alkali pro- 
ducts, but over half of the alkali 
produced is used in industries con- 
cerned with the manufacture of glass, 
soap, paper and rayon. Without 


sodium hydroxide we could have no 


SODIUM HYDROXIDE 


HYDROCHLORIC ACID 


SODIUM CHLORIDE 


A base neutralizes an acid to give a salt and water 


AMMONIUM 
HYDROXIDE 


POTASSIUM 
HYDROXIDE 


glass for windows or bottles or soap or 
soap-powder. The only paper which 
could be obtained in any quantity 
would be newsprint. 

Sodium hydroxide and potassium 
hydroxide are otherwise known as 
caustic soda and caustic potash re- 
spectively. They are called ‘caustic’ 
because they cause soreness which 
feels as if the skin has been burned— 
caustic means ‘burning’. 

Calcium hydroxide solution is a 
weak alkali which does not harm the 
skin (though it should not be allowed 
to splash into the eyes, for they are 
much more sensitive than the skin). 
Ammonia solution is also a weak 
alkali, and in fact is used in the house- 
hold for washing purposes. 

Solid calcium hydroxide is com- 
monly called slaked lime. It is spread 
on land which is ‘sour’ or acidic in 
order to ‘sweeten’ or neutralize it and 
make it fertile again. Plants are very 
sensitive to acids and generally will 
not grow in acidic soils. 

Industrial processes involving the 
use of bases will be described in later 
articles. Many of these processes 
depend upon the fact that bases are 
substances which neutralize acids to 
produce salts and water. 
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Caustic soda (sodium hydroxide) 1s ae in the manufacture of high-quality paper. The rags and esparto grass from which such aner is 
made are boiled with caustic soda to separate the cellulose fibres by dissolving the substances which bind them together. The pulp of 
cellulose fibres runs on to an endless wire mesh sieve where water drains out of the pulp as it is carried along. The ‘wet end’ of a 


paper-making machine 1s illustrated above. 


MANUFACTURE OF SODIUM HYDROXIDE (CAUSTIC SODA) 
a 
[\ A SOLUTION 


OF CAUSTIC 
SODA 
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WATER) 


WATER IS BOILED 
OFF THE SOLUTION 
LEAVING SOLID 
THE CURRENT CAUSTIC SODA 
SEPARATES 

SODIUM CHLORIDE 
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MANUFACTURE OF AMMONIUM HYDROXIDE 


STEAM 


UNCOMBINED 
HYDROGEN 


Ree, AND NITROGEN 


COKE NITROGEN 
FRO 


M 
LIQUID AIR ° + Qa20 _ a5 

NITROGEN (FROM AIR) AND 

HYDROGEN (FROM STEAM) 


ARE COMPRESSED AND AMMONIA WATER AMMONIUM 
HEATED TOGETHER TO HYDROXIDE 
FORM AMMONIA. THIS 

DISSOLVES IN WATER FORMING THE HYDROXIDE. 


Caustic soda (sodium hydroxide) is used in the manufacture of soap. Soap is nearly always the sodium salt of a ‘fatty’ acid. Animal fats 
and vegetable oils contain compounds of ‘fatty’ acids with glycerine. These compounds are boiled with caustic soda in huge vats (illustrated 
below). The product is a brownish liquid containing soap and glycerine. 


ELECTRICITY 


PAYING FOR 


RACTICALLY every home has a variety of ap- 

pliances ranging from washing machines to power 
tools which make use of the electrical energy supplied 
by generators in a power station. Since electrical energy 
costs money to produce and distribute, it is obvious that 
each consumer must pay for what he uses—hence the 
electricity meter which is installed in every home with an 
electrical supply. 

An electric current is a flow of electrons through a 
conductor. In many ways it is like a flow of water through 
a pipe. Just as there must be a difference of pressure 
between the ends of a pipe to make water move, so there 
must be a voltage (a difference of ‘electrical pressure’) 
between the ends of a wire to make electrons move. 
Batteries and generators providing the necessary voltage 
can be thought of as taking the place of the pumps in a 
water system. The rate of flow of water might be measured 
in gallons per second. The corresponding rate of flow of 
electrons (i.e. the current strength) is measured in units 
called amperes (usually abbreviated to amps.). 


Paying for electricity, however, is rather different from 
paying for water. Water can be paid for according to the 
number of gallons used. But with electricity we are buying 
energy, not electrons. The filament of a lamp contains no more 
electrons when it is working than when it is switched off. 

From the way in which a volt (the unit in which dif- 
ferences of ‘electrical pressure’ are measured) is defined, it 
follows that electrical power is equal to the product of the 
current strength and the voltage. In other words: power 
in watts=current in amps. multiplied by voltage. Thus a lamp 
which took a current of } amp. from a 240 volt supply 
would be rated at 60 watts, since 60 watts=240 volts 
xt amp. 1,000 watts are called a kilowatt. 

But electrical power (wattage) is the rate at which 
energy is consumed. To arrive at the actual quantity of 
energy used the power in watts has to be multiplied by 
the length of time it is being used up. The practical unit 
of electrical energy is the kzlowatt-hour. Sometimes this is 
just called a ‘unit’. 

An electric kettle rated at 1,000 watts consumes one 
‘unit’ of electrical energy every hour. An electric fire 
rated at 2,000 watts consumes two ‘units’ every hour, or 
one ‘unit’ every half-hour. A 60 watt lamp consumes one 


‘unit’ in about seventeen hours (60 watts = kilowatts. 


1,000 


ae kilowatts x 17 hours=1-02 kilowatt-hours, or just 
bs 


over one ‘unit’). 


ELECTRICITY 


To compute the cost of running an appliance, the 
number of kilowatt-hours of energy consumed is simply 
multiplied by the price of one ‘unit’. The easiest way of 
computing the cost is to use one of the following formulae: 


cost=power in kilowatts x time in hours x price per unit 
power in watts 


or cost= ae x time in hours x price per unit 
> 
ampsXvolts . ; : 
or cost=——"—— x time in hours X price per unit. 
b 


ELECTRO- 
MAGNET 


ROTATING == 


The electricity meter (its real name is the watt-hour 
meter) is a kind of electric motor whose speed is pro- 
portional to the power drawn from the mains. It usually has 
a horizontal disc which can be seen rotating—slowly when 
only a few appliances are switched on and quickly when 
many appliances are operating. The rotating disc is 
geared to a series of pointers moving over dials to record 
the number of ‘units’ that have been consumed. 


A watt-hour meter for use on A.C. It ts 
cut away to show the rotating disc geared 
to a serves of pointers. 
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The Formation of the EART 


T least one aspect of the Earth’s 

origin arouses little dispute. All 
of the evidence points to the fact that 
the solar system (including the Sun, 
the nine major planets and _ their 
satellites or moons, over 1,500 minor 
planets (planetoids or asteroids) and 
countless comets and meteors) is a 
complete unit and that the whole 
family of planets has a common 
parentage. Two of the most important 
pieces of evidence in favour of this are 
the fact that the planets orbit the Sun 
in more or less the same plane, and that 
all orbit in the same direction. This 
orderliness tends to refute an alterna- 
tive view that the Sun, by means of 
its immense gravitational attraction, 
‘acquired’ the planets one by one 
through the ages. 

Dissent begins when it comes to the 
actual parentage of the planets. Per- 
haps the Sun itself can be held re- 
sponsible. The chemical composition 
of the Earth and the Sun is very 


plained by the fact that hydrogen and 
helium are the lightest elements and 
the gravitational attraction of the 
young Earth was probably insufficient 
to retain its share of these free gases 
within the primeval atmosphere. But 
the chemical composition of the Earth 
(with the exceptions already noted) 
compares closely with that of other 
stars too. Thus, the possibility that the 
planets originated not from the Sun 
but from some other star cannot be 
ruled out. 


HOW? 

In 1796 Pierre Simon Laplace, a 
French astronomer and _ mathe- 
matician, put forward the first of the 
nebular theories of the formation of 
the Earth. He supposed that at one 
time the whole solar system was a 
great nebulous cloud of gases, slowly 
rotating in space. The centre of the 
nebula was fairly dense compared 
with the outermost parts which, dis- 


similar. It is possible that all of the 
elements found on Earth are rep- 
resented in the Sun; certainly most 
are. And their relative amounts are 
very similar too—with two great ex- 
ceptions: hydrogen and helium make 
up approximately 99% of the Sun, 
but both are extremely rare on Earth 
as gases. This, however, can be ex- 
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tended by heat, reached farther out 
from the Sun than the present posi- 
tion of Saturn. Laplace attempted to 
explain the formation of the planets 
(only seven were known in his day) 
by arguing that as the nebula cooled 
and contracted it would rotate faster 
and faster until centrifugal force 
near the rim exceeded the gravita- 


tional attraction of the mass. When 
this happened a ring of gas would 
be shed from the edge (rather as 
nails would be flung from a revolving 
magnet at a certain speed). This 
would slowly gather into a gaseous 
sphere and condense into a planet 
circling round the central mass. As 
the nebula continued to shrink succes- 
sive rings would be shed, each forming 
a planet. Laplace’s theory, though 
popular for some time, was eventually 
found to be mathematically im- 
possible. 

In recent years the gaseous nebula 
hypothesis has been revived in a 
number of modified forms. In one 
of these it is suggested that early in 
its life the Sun was surrounded by a 
large nebula of gases and solid dust 
particles. As this nebula revolved 
with the Sun local concentrations of 
matter developed and hence local 
fields of gravitation. More particles 
were drawn to the local concentra- 
tions until solid cores were formed, 
each surrounded by a gaseous en- 
velope. One of these ‘protoplanets’ 
developed into the Earth. | 

It is suggested that at the same 
time the Sun was developing its 
present heat. As a result the gases 
surrounding the planets nearest it 
were strongly heated and began to 
escape into space (the molecules of 
gas became so agitated through heat- 
ing that the planets’ pull of gravity 
was not strong enough to hold them 
all). In this way the planet nearest 
to the Sun (Mercury) lost the whole 
of its atmosphere, while Venus and the 
Earth, the next two in line, were 
only able to hold a small percentage 
of theirs (almost all of the lightest 
gases, hydrogen and helium, escaped). 
Mars, although farther from the Sun 
than the Earth, was stripped almost 
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entirely of its primeval atmosphere 
because it was so small (the smaller 
the planet the less its gravitational 
attraction). On the other hand, the 
giant planets farther away from the 
Sun (Jupiter and Saturn) retained the 
whole of their atmospheres. 

There are a number of theories 
which can be grouped together as 
catastrophic. These suggest a sudden, 
catastrophic beginning to the solar 
system rather than the gradual evolu- 
tionary process so far described. Most 
are based upon a hypothetical en- 
counter between the Sun and a pass- 
ing star in the dim past. At the 
beginning of the present century a 
popular theory was that the Sun 
almost collided with a passing star 
and was partly disrupted in the pro- 
cess. The passing of the star raised 
great gaseous tides on the Sun and 
resulted in the ejection of a large 
stream of gas. This soon broke up into 
separate parts which by cooling, 
contraction and condensation de- 
veloped into planets (the residue 
forming asteroids and comets). The 
planets would have been given their 
motion around the Sun by the gravita- 
tional attraction of the receding star. 
There are, however, a number of 
stumbling-blocks to this theory, one 
of the greatest being the problem of 
how the planets came to be pushed 
out to their present immense distances 
from the Sun. 

This problem at least is solved by 
a recent theory in which the parent 
of the planets is taken to be not the 
Sun but another star. It has been 
suggested that the Sun might have 
been not a single star but a component 


Moments in time. An impression of the 
birth and evolution of the Earth covering a 
span of at least 4,000,000,000 years. 


250,000 
YEARS AGO 


PRESENT DAY 


One theory suggests that the planets were formed from matter 
ejected from an exploding companion star of the Sun. 


of a binary system (two stars which orbit each other under 
the mutual attraction of their masses). If an ‘outside’ star 
approached close enough to the Sun’s companion, then the 
‘tidal disruption’ theory could account for the formation 
of the planets (the Sun’s partner being disrupted rather 


ejected material was captured by the Sun and eventually 
formed the planets. This explains the disappearance of the 
parent star: it literally shot away into space from the recoil 
of the explosion. 

These are just a few of the many theories and even more 


numerous problems connected with the origin of the 
Earth. 


WHEN? 


In the year 1650 Archbishop Ussher of Ireland con- 
cluded from studies of Biblical chronology that the Earth 
was created on 23 October 4004 B.c. (the time was later 
defined as 9.0 a.m.). This remained the official date of 
creation for the next hundred years or more. Yet in other 
religions the Earth is regarded as eternal in the respect 
that it always has been and always will be. 

It was only at the turn of the nineteenth century that 
scientists entered what had previously been an exclusively 
theological field. This was when the new science of 


Laplace’s hypothesis (now rejected) suggested that the planets were formed from gaseous rings shed one after another from a 


than the Sun itself). If the disrupted star was already as 
far away from the Sun as, say, Jupiter is at present, the 
position of the planets would be easier to explain. The 
obvious problem here is to explain the disappearance of 
the other component of the binary system and how the 
ejected material came under the Sun’s control. 

A promising variation of the binary concept suggests 
that the Sun’s companion ‘exploded’ (stars have been 
known to do this when their supply of hydrogen has 
become exhausted), and that a small proportion of the 


geology was being born. Geology is the study of the 
Earth’s long past through the surface rocks and the fossils 
they contain (fossils had previously been dismissed as the 
work of the Devil). Layers of rock are like the pages of a 
history book to the geologist (though far more difficult to 
read, since many are torn and some missing) and it was 
soon found that they made up a ‘book’ which covered 
many millions of years of history. 

In the nineteenth century various attempts were made to 
estimate the age of the Earth. One involved an estimate 


THE SPECTRUM OF SUNLIGHT SHOWING THE MOST PROMINENT ABSORPTION LINES 


Spectral Analysis 


One of Newton’s greatest discoveries was the fact that white light is really a mixture of coloured light. He found that when he placed a prism in the path of a beam of 
sunlight streaming through a hole ina blind into a darkened room, a band of colours was produced ona screen placed behind the prism. This band of colours (it includes 
every colour in the rainbow) is called the visible spectrum. A prism splits up light entering it because it refracts (bends) the coloured components by various amounts. 

When an atom is ‘excited’ (e.g. by raising its temperature) it gives off light, and if this light is passed through a prism it is spread out into a range of colours. If the 
beam of light is first passed through a sufficiently narrow slit the overlapping of colours is prevented and a whole system of spectral lines is produced which to- 
gether make up a spectrum. Each element gives off light with its own characteristic spectrum, so that by examining the spectrum produced by some unknown substance 
it is possible to identify the elements in it. For instance, the light given off by heated sodium atoms consists of simply two lines in the yellow portion of the spectrum. 
This method of investigation, called spectral analysis, can be applied to the Sun and stars because elements when cold absorb the light they emit when heated. The 
spectrum of light which has passed through sodium vapour shows two black lines close together in the yellow portion of the spectrum. The spectrum of 
sunlight (which is produced near the centre of the Sun and contains all colours) is crossed by a number of dark lines. These correspond to various elements in the 
outer parts of the Sun which are not hot enough to emit light and have, instead, absorbed the missing colours. So, by examining these absorption lines it is possible 
to determine which elements are present in the outer parts of the Sun. 
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It 1s quite probable that the young protoplanets, whatever their mode of origin, grew to their present size by sweeping up ‘loose’ material 


through their gravitational attraction as they circled the young Sun. 


contracting and revolving cloud of gases. 


of the time taken for the amount of salt in the waters of the 
oceans to accumulate to the present level. Another 
assumed (wrongly) that the Earth had gradually cooled 
from a molten state. As a result, in the closing years of the 
last century estimates of the Earth’s age ranged from 
20,000,000 to 100,000,000 years and all were a long way 
out. 

It was only the discovery of radio-activity in 1896 that 
paved the way to a more accurate estimate of the Earth’s 
past. For radio-active elements, such as uranium, 
gradually break down or ‘decay’ into more stable elements 
(lead in this case) and the rate at which this happens can 
be calculated. So it is possible, by weighing the amount of 
lead produced at the expense of uranium in certain radio- 
active rocks, to determine the age of these rocks (a process 
known as uranium/lead dating). It is now known that 
some of the rocks in the Earth’s crust are over 3,000,000,000 
years old and it is probable that the Earth itself is at least 
4,000,000,000 years old. 

It is interesting to note that some meteorites have been 
found to contain radio-active elements. This has made it 
possible to determine the age of the material and in most 
cases the answer is around 4,500,000,000 years old. 

At some period during its very early life the Earth most 
probably passed through a semi-molten phase. This was 
when the heaviest minerals sank towards the centre while 
the lightest rose to the surface and the remainder arranged 
themselves appropriately in between. Gradually the 


surface of the planet cooled and the minerals solidified to 
form a thin rock crust. 

No one can say for sure how the continents came into 
being. They are like great ‘plates’ of granite ‘floating’ on 
the denser material beneath. Possibly, outpourings of the 
lightest materials gathered in great pools and upon cooling 
formed concentrations of granitic rock which laid the basis 
of the continental platforms. Many people believe that the 
continents crystallized in one or perhaps two great masses 
which broke up many millions of years later, the pieces 
drifting apart to the present positions of the land masses. 

While the minerals of the Earth were arranging them- 
selves an immense amount of water vapour was being 


It has been suggested that the planets were formed from matter 
ejected from a companion star of the Sun due to the gravitational 
attraction of a passing star. 


released from the heated interior into the primeval 
atmosphere where it formed a dense cloud over the whole 
planet. But no water appeared on the surface of the 
Earth, for raindrops were boiled back into vapour long 
before they could reach the intensely hot ground. When at 
last the crustal rocks had cooled sufficiently to allow 
rain to fall, a great deluge must have followed, out of which 
the young oceans were born. But the oceans have only 
reached their present extent by the addition of ‘juvenile’ 
water which has been constantly ‘sweated’ out from the 
Earth’s interior throughout geological time. 
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LECTRONIC computers,  elec- 

tronic brains, electronic control 
systems—such phrases have become a 
part of our everyday language. What 
exactly is meant by ‘electronics’? 
Most people have a vague idea that 
electronics is something to do with 
radio, To give a precise definition 
is not easy. Forgetting, for the mo- 
ment, transistors, it is true to say that 
electronics is the study of ‘valves’ 
and their various applications. 
‘Valves’, in this sense, refers to the 
rather elegant glass-enveloped com- 
ponents which you are sure to 
have seen if you have ever taken the 
back off a radio receiver. The valves 
in your radio receiver do three things. 
First, they amplify (i.e. increase) 
to-and-fro electric current variations 
so that a weak variation fed into a 
suitable valve controls the production 
of a much stronger signal which 
varies exactly in time with it. 
Secondly, they play an essential part 
in producing rapidly alternating (i.e. 
to-and-fro) currents. A valve perform- 
ing this function is called an oscillator. 
Thirdly, they change alternating cur- 
rents to direct (one-way) currents. If 
your radio works off the A.C. mains 
it probably has a valve called a 
rectifier whose job is to turn the to- 
and-fro mains current into the steady 
one-way current needed by the other 
valves. Your radio receiver also has a 
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valve called a detector which rectifies 
the to-and-fro electric currents set 
up in the aerial by incoming radio 
waves. The series of articles on 
electronics (of which this is the first) 
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will explain how these three functions 
of a valve (amplification, oscillation 
and rectification) are employed in the 
transmission and reception of radio 
waves. 

The earliest valve (invented by Sir 
John Fleming in 1904) was similar 
in construction and appearance to 
an old-fashioned electric light bulb. 
Its glass envelope contained a thin 
wire filament which was made white- 
hot by passing a current through it. 
The bulb had been emptied of air— 
as was usual with lamps of that 
period. Fleming’s valve, however, 
contained a metal plate placed near to 
the filament but not touching it. 
When a battery was connected to put 
an electrical pressure between the 
plate and the hot filament, electrons 
moved across the vacuum separating 
them. No current could be detected 
when the filament was cold. More- 
over the current would only flow 
one way through the bulb. If the 
battery was reversed the current 
stopped. The one-way effect of Flem- 
ing’s invention gave rise to the name 


The central picture shows a giant valve being replaced 
ina transmitter. Aur is forced over its cooling-fins to 
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‘valve’, for just as the valve in a 
motor-car tyre allows the air to enter 
but not to escape, so a radio valve 
allows a current of electricity to pass 
one way but not the other. 

A current of electricity is a move- 
ment of tiny particles called electrons. 
These particles are negatively charged 
with electricity and they normally 
exist as the outermost parts of atoms. 
In substances (nearly all are metals) 
which conduct electricity, some elec- 
trons are only loosely held to their 
atoms. If a conductor is connected 
between the terminals of a battery, 
the voltage (difference of electrical 
pressures) between its ends drives a 
large number of these loosely-held 
(free) electrons from atom to atom 
along the wire. The electrons always 
travel from the negative end of the 
wire to the positive end. 

When a wire is heated, some of its 
loosely-held electrons break free of 
their atoms and manage to leave the 
wire altogether. This ‘boiling off’ of 
electrons from a hot filament is called 
thermionic emission. Normally _ the 


These tiny pellets are miniature resistors 
and capacitors which have been developed 
Sor use in pocket-sized electronic computers. 


liberated electrons would simply form 
a ‘cloud’ around the filament, making 
it more difficult for further electrons 
to break free (because all electrons 
have the same kind of charge they 
repel one another). The filament of 
a valve is always connected to the 
negative terminal of a battery or some 
other source of steady voltage. The 
plate is always connected to the 
positive terminal. This ensures that 
there is an electrical ‘pressure differ- 
ence’ forcing the electrons to drift 
from the filament to the plate. If the 
pressure difference acts the other way 
(i.e. from plate to filament) no flow 
of electrons takes place, since the 
plate is cold and cannot emit. 
Because the plate is always made 


(Left) A U.S. Marine Corps radar tracking 
station. The development of radar has 
called for novel electronic circuits and 
completely new types of valves. 


electrically positive it is called the 
anode. The filament, made electrically 
negative, is called the cathode. In 
modern valves the cathode is not the 
filament itself but a metal tube coated 
with a chemical that is a good emitter 
of electrons. The filament lies inside 
the tubular cathode and heats it in- 
directly. Fleming’s valve described 
above had only two main parts—the 
filament (cathode) and the plate 
(anode). Two-part valves are called 
diodes. They represent the simplest 
possible kind of valve. 

If all valves were diodes the study 
of electronics would be very ab- 
breviated indeed. For a diode is 
simply a stop-cock—it cannot act as 
an amplifier. An amplifying valve has 
a cathode, an anode and also a third 
major part called a control grid. The 
control grid is a cylinder of wire 
mesh lying between the cathode and 
the anode. If it is made electrically 
negative it repels electrons and re- 
duces the flow of electrons (i.e. the 
current) passing through the valve. 
If it is made electrically positive it 
attracts electrons and increases the 
flow of electrons passing through the 
valve. A small change in the ‘posi- 
tiveness’ or ‘negativeness’ of the con- 
trol grid produces a very great change 
in the strength of the current passing 
between the cathode and the anode. 
The introduction of the control grid 
(by Lee De Forest in 1907) was a 
milestone in the history of electronics. 

A three-part valve (cathode, anode 
and control grid) is called a triode. 
A four-part valve (cathode, anode 
and two grids) is called a tetrode. A 
five-part valve (cathode, anode and 
three grids) is called a pentode. Some 
of the glass envelopes in your radio 
receivers probably house more than 
one valve. 

The valves described so far have 
all been ‘vacuum tubes’ and _ their 
manufacturers have gone to a great 
deal of trouble to ensure that every 
possible trace of air has been removed. 
Some valves, however, are filled 
with a small amount of argon, neon 
or mercury vapour. Because only 
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a small amount of gas is present 
its pressure is low—much lower than 
the air around us. Such valves are 
known as ‘thyratrons’. Although they 
are constructed like radio valves 
they function quite differently. When 
electrons travelling between the 
cathode and the anode collide with 
gas molecules they strip further 
electrons from the outermost parts 
of the molecules. The liberated 
electrons join the stream flowing 
to the anode and may themselves 
strip electrons from molecules in 
their path. The result is an ‘ava- 
lanche’-—the number of electrons 
(and hence the current) crossing 
the valve builds up with astonishing 
rapidity. A slight increase in the 
‘positiveness’ of the control grid is 
enough to trigger off the ‘avalanche’ 
and to cause a big current to 
flow through the valve. This trigger- 
ing action means that thyratrons can 
be used as very high-speed switches. 
The most delicate mechanical switch 
or magnetic switch (relay) takes 
a small but appreciable time to 


operate. The switching action of a 
thyratron is, by comparison, almost 
instantaneous. 

The basic action of an electronic 
‘brain’ or computer is simply that of 
a switch. Just as a switch is either 
‘on’ or ‘off’, so a computer can only 
choose between two alternatives. For 
example, mathematical problems fed 
to a computer have to be trans- 
lated into a code which employs only 
two digits. But although the com- 
puter has to do its calculations in 
easy stages, the incredible speed at 
which it works more than makes up 
for its limited ‘intelligence’. In a 
few seconds a computer can solve 
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(correctly) problems that would 
occupy the best mathematicians for 
many years. The secret of a com- 
puter’s speed lies in its use of 
gas-filled valves as ‘instantaneous 
switches’. Similar valves are used 
for controlling electric motors and 
machinery, for counting commodities 
on conveyer belts (and noting any 
defects), for telegraphing information 
from place to place—in fact they 
are the basis of the fast-growing 
techniques of automation. 

In operations where objects 
are counted automatically or where 
machinery is controlled electronically, 
the switches are triggered by a kind 
of diode valve called a photocell. This 
has a cathode which is coated with 
some metal (e.g. caesium) which 
emits electrons from its surface when 
light falls on it. In theory this 
happens to all metals—but some are 
much more efficient than others. The 
cathode does not have to be heated 
because the energy needed to liberate 
the electrons comes from the light 
itself. The greater the intensity of 


(Left) 


A complete ‘data processing system’. The coded information is either recorded 


trons which are directed onto the 
second anode. Each anode gives out 
more electrons than it receives so 
that the effect is cumulative. Such 
a device is known as a photomulti- 
plier or electron multiplier. (It is 
interesting to note that the photo- 
grapher’s lightmeter employs a kind 
of photocell that has no cathode, 
anode or evacuated glass envelope. It 
bears roughly the same relationship to 
the photocell described above as the 
transistor bears to the radio valve.) 
Transistors are very much smaller 
than valves—some are no bigger than 
match heads—yet they can do prac- 
tically everything that a valve can do. 
They have no filaments and therefore 
have no need for large currents. A 
typical radio valve needs an ‘elec- 
trical pressure difference’ of a few 
hundred volts between its cathode 
and anode. The corresponding tran- 
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on tape or on punched cards, and then fed into one of the computer units where the problems 
are very speedily solved. (Right) The heart of a television receiver 1s tts cathode-ray tube. 
A beam of electrons (cathode rays) causes a spot of light on the fluorescent screen at the end 
of the tube, and as the beam is deflected so the spot traces out a line of light. 


the light the greater is the number 
of electrons emitted per second (and 
hence the stronger is the current 
passing through the valve). The cur- 
rent is, as a rule, very small, but can 
be increased in a most ingenious way. 
Electrons emitted by the light- 
sensitive cathode fall onto the first 
of a series of nine or ten curved 
anodes each of which has a slightly 
higher ‘positiveness’ than the one 
in front. Electrons striking the 
first anode knock out further elec- 


sistor calls for no more than nine 
volts. It is also more robust. The most 
common kinds of transistors (junction 
transistors) are made from thin slices 
of germanium—a substance which 
in some ways behaves like a metal and 
in some ways behaves like a non- 
metal. Pure germanium is a bad con- 
ductor of electricity. It will conduct, 
however, if it contains a trace of im- 
purity. When the impurity is anti- 
mony or arsenic the germanium 
(called negative, or N-type, ger- 


manium) will allow electrons to pass 
in the same way that they pass 
through a wire. When the impurity is 
gallium or indium, the germanium 
(called positive, or P-type, ger- 
manium) acts in a very curious way. 
The true picture of what happens will 
be given in alater article on transistors. 
For the moment it is sufficient to say 
that P-type germanium appears to 
cause its successive layers of atoms to 
have in turn a positive charge, with a 
somewhat similar result to the normal 
positive charge on a normal valve’s 
anode or grid. 

A thin wafer of N-type germanium 
in contact with a thin wafer of P-type 
germanium forms a ‘junction diode’. 
Electrons, driven by a battery, will 
pass through the junction from the N- 
type germanium to the P-type ger- 
manium, but not in the reverse direction. 
This is just like Fleming’s diode, with 
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Two oscilloscopes being used to reveal de- 
fects in metal tubing. An _ oscilloscope 
shows varying electric currents, or varying 
voltages, as a visible pattern on a screen 
like that of a television receiver. 
the N-type germanium taking the place 
of the cathode, and the P-type germ- 
anium taking the place of the anode. 
Three thin wafers of germanium 
arranged in a sandwich, P—N-P, form 
a ‘junction triode’. This is just like 
Lee De Forest’s triode valve. The N- 
type wafer acts as the cathode; the 
first of the P-type wafers acts as the 
grid and the other P-type wafer acts 
as the anode. Such a transistor can 
be used as an amplifier or as an 
oscillator or (like the junction diode) 


A photomultiplier tube. This ‘valve’ is 
very sensitive to light falling on it and the 
current it passes 1s governed by the intensity 


of the light. 


as a rectifier. Because it does not 
waste energy in the form of heat it is 
more efficient than its valve counter- 
part. Also it has a longer life. One 
of its few disadvantages is that it is 
permanently damaged if the battery 
connections are accidentally reversed. 
Transistors have made possible the 
miniaturization of electronic equip- 
ment on a scale that would have been 
considered impossible only a few years 
ago. They have made it possible for 
Earth satellites to send back messages 
and television pictures from beyond 
the atmosphere, and they have made it 
possible to design hearing-aids small 
enough to be concealed behind the ear. 

A unique kind of valve, yet one with 
which everyone is familiar, is the 
cathode-ray tube—the principal part 
of every television receiver. It is much 
bigger than other valves (except the 
giants used in powerful radio trans- 
mitters). One end is enlarged and 
flattened to make a screen. The 
other end (i.e. the base) contains a 
cathode heated indirectly by a fila- 
ment. The electrons given off by the 
cathode pass through a series of 
cylindrical grids and anodes placed 
near to and in line with the cathode. 
The anodes speed up the electrons and 
focus them into a very narrow beam. 
The narrow beam of electrons can be 
deflected upwards and sideways by 
two pairs of electrically charged 
plates. (In your television receiver the 
deflecting plates are replaced by coils 


of wire touching the neck of the tube.) 
Finally the beam of electrons hits 
the fluorescent powder covering the 
end of the tube (i.e. the screen). 
Electrons hitting the powder cause it 
to glow—a narrow beam of electrons 
hitting the screen produces a spot of 
light. The spot moves over the screen 
when the electron beam is deflected by 
electrical signals fed to the deflecting 
plates. Because electrons are so light 
(thousands of times lighter than the 
smallest atom) the beam of electrons 
can be deflected very rapidly indeed, 
and the spot of light moving equally 
rapidly over the screen traces out a 
visible pattern. It is difficult to 
imagine that the whole image on a 
television screen is created by one 
spot of light rapidly crossing the 
screen. Yet this is in fact true. The 
spot scans from left to right, progress- 
ing downwards rather as your eye 
follows the print on this page. All this 
is done at such an incredible speed 
that we are unconscious of it. The 
spot on a 2i-inch TV screen has to 
travel well over 10 miles in a second. 
As well as its use in television, the 
cathode-ray tube forms part of a 
valuable scientific instrument called 
an oscilloscope. The cathode-ray oscillo- 
scope has a small round screen on 
which varying electric currents or 
varying voltages can be seen as visible 
patterns. It is used for measuring tiny 
currents, tiny voltages and tiny in- 
tervals of time. 
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Why a Plant Needs 


T is possible to keep a packet of dried peas almost indefinitely in a dry 

place. Wheat grain is stored for long periods in granaries and shipped over 
long distances. In these conditions neither the peas nor the wheat grains will 
germinate. Yet these seeds will germinate when planted in the soil, providing 
it is moist, well supplied with oxygen from the air and not too cold. 

Water is obviously very necessary for germination. Without a certain 
quantity of it chemical reactions within the seed are at a standstill and it 
is not until the seed has an ample supply of water that it is able to germinate. 
The weight of water in a seed is usually only about 15°% of the seed’s total 
weight. To establish anything like the proportion of water that is in protoplasm, 
in which many chemical reactions are proceeding, the seed has to take large 
quantities of water from the soil. 

Protoplasm, the living jelly of which plants and animals are largely made, is 
often mostly water, perhaps 80-95% of its total weight. A tree, for example, 
much of which is woody tissue, contains 50°4 water, a typical herbaceous 
plant about 70°% water and a water-dwelling plant as much as 95°% water by 
weight. 

The food materials moving about a plant are all in solution. As solids they 
could not be distributed throughout the plant. Solid materials could not enter 
the tiny root hairs from the soil, but minerals, many of which play an important 
part in the chemical reactions taking place within the plant, enter the root hairs 
in solution. The water which is evaporated from the leaves by the sun drags 
an unbroken stream of water up the stem continuously. Minerals are carried 
in this stream of water, the so-called transpiration stream, and distributed 
to various parts of the plant. For example, magnesium is an essential part 
of the chlorophyll molecule (chlorophyll is the green colouring matter which 
is able to trap the energy of sunlight and make it available for photosynthesis, 
the plant’s food-building process). Sulphur forms part of many protein mole- 
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WATER FOR CHEMICAL REACTIONS = 


Each enzyme (grey) may be pictured as having a definite shape into which only certain other 
molecules will fit, like neighbouring age in a jigsaw puzzle. The enzyme is able to piece 
e 


together, or to split, only the molecules which do fit precisely. 


All the chemical processes within the plant take place in a watery solution—the chemicals 
themselves are dissolved and distributed in water. The simple food molecules manu- 
factured in photosynthesis are found in the watery protoplasm of the cells and are carried 
in solution from the leaves through the food-conducting cells (phloem) to other parts 
eng Pala gyhe of the plant. In the protoplasm of the cells they may be joined together and/or joined up 

with parts of the mineral molecules by enzymes and so built up into larger molecules such 
as cellulose (the substance of which the cell walls are largely built), proteins or fats. (Enzymes 
are chemicals which control the speed of chemical reactions in living cells.) A plant can- 
not heat substances up in a test-tube in order to get them to combine as we can in the 
laboratory, so the 2 Se (their molecules can work only in a watery solution) join 
simple molecules together to form complicated molecules or break down the latter into 
simpler molecules. ; : : 

Enzymes and other proteins, fats, carbohydrates and other organic substances in plants 
all contain hydrogen atoms. These nearly all come from water molecules each of which 
contains two hydrogen atoms and one oxygen atom. 
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cules and iron is essential for the 
building up of the chlorophyll 
molecule though it is not part of 
it. Potassium has an important role 
in photosynthesis and cell division. 
Water keeps the living cells in a 
plant turgid. It gives the leaves 
and stems, etc. (particularly where 
these are fleshy), their shape and 
form where they have little skeleton. 
The water ‘blows’ the cells out like 
the air in a football bladder or a 
cycle inner-tube. This function is 
particularly important in the young 
and rapidly growing plant in which 
the stiffer supporting tissues have yet 
to form. A young stem will break 
off far more easily than an older, 
more elastic one because it is stif- 
fened by the pressure of the water 
inside and not by supporting tissues. 
However, the stiffening effect of the 
water enables the stem to push its way 
up through the soil, and the root to 
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FROM THE ATMOSPHERE CARBON DIOXIDE IN 
ENTERS THE LEAF 

THROUGH THE LEAF PORE 


A three-dimensional diagram of part of a leaf showing the thin film of water which covers the 
cells inside the leaf. The passage of carbon dioxide from the atmosphere in through the leaf 
pores to dissolve in this film of water before it enters the cells themselves in solution is shown 
by the arrows. 


WATER FOR PHOTOSYNTHESIS 


Water from the transpiration stream is also used by the plant in its food-making process, 
photosynthesis. This involves the rearrangement of the atoms in the molecules of water 
and those of carbon dioxide into sugars and then starch. Carbon dioxide enters the leaf 
from the atmosphere through tiny pores in the ‘skin’ of the leaf, but before it can be 
used by the plant it must enter into solution. This it does in the film of water which covers 
the cells inside the leaf (see illustration) and passes in solution into the cells themselves. 
There it can be combined with some of the atoms in the water molecules. The water, 
therefore, is not merely one of the two basic raw materials which the plant uses to build 
up sugars and starch, it is also the substance in which the other raw material, carbon dioxide, 


push its way downwards in its search must dissolve before it can take part in the process. 


for more water. If the stem and root 
were soft and floppy they would not 
be able to do this. 

If a plant loses too much water by 
transpiration it becomes limp, and 
wilts. When the water loss becomes 
too serious the pores in the leaf 
skin close. This means that no carbon 
dioxide is able to enter the plant 


Water helps to give the parts of a plant shape just as the air does in a cycle inner-tube. 


through the leaves so that photosynthesis, which consumes carbon dioxide, 
must stop. The effect of this on the growing plant may be to delay development 
and in extreme cases will injure the tissues inside the plant. 

Water gains and loses heat slower than any other known substance. Because 
plants contain so much water the rapid changes of temperature in the sur- 
rounding atmosphere have less effect on the plant than they would if water 
gained and lost heat quickly. Chemical reactions are speeded up by heating 
and slowed down by cooling. The water in the plant maintains a fairly constant 
temperature so that the chemical reactions are not speeded up or slowed down 
so rapidly between the extremes of temperature to which the plant is subjected. 
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How does a plant obtain its water? 


A plant cannot move about from place to place in order to obtain water as a land 
animal can. It obtains a supply of water through its roots. These often spread through 
a large volume of soil in their search for water. Water actually enters the plantethrough 
the root hairs. These contain more dissolved substances (e.g. sugar and salts) than there 
are in the soil. Because of this difference in concentration between the inside and outside 
of the plant, water will pass into the root hairs through the root hair cell walls by a 
process called osmosis. 

The water which enters the root hairs dilutes the sap within them so that the con- 
centration of dissolved substances is then less than that of inner neighbouring cells. 
Water therefore is drawn from the root hairs into these neighbouring cells and eventually 
reaches the centre of the root. 

This explains how water reaches the centre of the root, but how is it lifted up the 
stem to the leaves at the top of the plant? In a small herbaceous plant this may seem 
to be a very small problem, but the force needed to raise a column of water to the top 
of a tree two hundred feet high is very great. The leaves are rich in sugar and other 
substances built up in photosynthesis. As water is evaporated from the outer parts of 
a leaf by the heat of the sun the sap of the cells there becomes much more concentrated. 
So they draw water from neighbouring cells to replace the water which has evaporated. 
This process spreads from cell to cell and back to the stem itself. This reduces the pressure 
in the water-conducting vessels of the stem and so creates a pulling force many times that of 
atmospheric pressure. The result is that water is drawn from the stem into the leaf. Since 
water tends to stick together in a narrow tube and a huge pulling force is required to 
break such a column of water, the whole column of water from the top of the stem down 
to the roots is pulled upwards. 


The illustration shows the path of water through the plant and out of the pores in the skin of the leaf. 
(For the sake of clarity only one of the many water-conducting vessels 1s shown.) (Inset below) Part 
of a root in cross-section showing the entry of the water into the root hair and from there to the water- 
conducting cells in the centre of the root. 
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WHEN any substance is heated 

its bulk almost always increases. 
In other words, whether it is a solid, a 
liquid or a gas, it expands on heat- 
ing. 

We make use of the expansion of a 
liquid in the most popular type of 
thermometer. Mercury or alcohol is 
sealed into a narrow glass tube with a 
small bulb at the bottom. When the 
temperature is low the mercury does 
not take up much room and the level 
in the tube is low. As the temperature 
rises the mercury expands, and some 
is pushed out from the bulb into the 


MERCURY 
EXPANDING 


If equal volumes of a liquid, a 
solid and a gas are heated through 
the same rise in temperature, it is 
generally found that the liquid ex- 
pands more than the solid but less 
than the gas. Measuring exactly how 
much a liquid expands with a given 
rise in temperature is not a com- 
pletely straightforward operation. The 
trouble is that a liquid must have a 
container and the container expands 
when the liquid is heated. The in- 
crease in capacity of the container 
masks the true expansion of the liquid. 
For example, imagine a bottle com- 


The ‘dipping bird’ toy. The bird is little more 
than a tube of mercury, fastened on a pivot as 
shown. Normally the weight of mercury tilts the 
bird’s head down. This puts its head into a bowl 

of water, wetting it. The evaporation of the 
water causes the head to cool, lowering the 
temperature of the mercury, which contracts. 
This alters the balance of the bird so that it tilts 
upwards. When the temperature rises the ~ 
mercury expands, causing the bird to dip down 
once again. 
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BULB OF ALCOHOL 


A maximum and minimum thermometer, used to 
record the highest and lowest temperatures occurring 
over a period of time. In the centre is a reservoir of 
alcohol. Between this and the alcohol at the other end 
is a thread of mercury, which ‘see-saws’ as the alcohol 
expands and contracts with the temperature changes. 
The mercury pushes markers which stay at the 
positions corresponding to the highest and lowest 
temperatures. 


tube. Since the tube is narrow, even a 
slight expansion of the mercury re- 
sults in an appreciable rise in level. 
The expansion (increase in bulk) is 
proportional to the increase in tem- 
perature, and so the level of mercury 
in the tube can be used to indicate 
how warm or how cold (i.e. at what 
temperature) the thermometer and 
its surroundings are. A scale is marked 
off along the tube dividing it into 
evenly spaced ‘degrees’ of temperature. 


pletely full of some ideal liquid that 
does not expand at all. As the bottle 
and its contents are heated the bottle 
expands so the original quantity of 
liquid is no longer sufficient to fill 
it completely. In this example the 
liquid would appear to have con- 
tracted. In practice the true expansion 
of a liquid is calculated by adding the 
increase in volume of the container 
to the apparent (or measured) expan- 
sion of the liquid. 


One of the chief reasons why mer- 
cury is used for filling thermometers 
is that it expands regularly, i.e. it 
expands as much when its tempera- 
ture rises from 1°C. to 2°C. as it does 
when its temperature rises from 101°C. 
to 102°C. 

Not all liquids, by any means, 
expand regularly. Water, for example, 
is one that behaves in a very unusual 
way. From 4°C. down to o°C. it 
expands as it is cooled. 
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FAMOUS SCIENTISTS 


OST homes possess a Thermos flask, used for keeping 

tea or coffee hot. The flask, by providing the very 
best kind of insulation—a vacuum—around the liquid, 
keeps it warm even after several hours. The strange fact 
is, however, that this kind of flask was originally de- 
signed, not to keep liquids warm at all, but to keep 
them cold. The insulation ensures that it does both 
equally efficiently. 

Sir James Dewar, the inventor of the first vacuum 
flask, was a noted Scottish chemist. Born at Kincardine 
in 1842, Dewar trained both in Britain and on the 
Continent and finally became a professor at Cambridge 
and at the Royal Institution in London. He became 
interested in turning gases into liquids at low tempera- 
tures. In 1898, for example, he succeeded in liquefying 


hydrogen by cooling and compressing it. In the course 
of his experiments the chemist found the need for a 
device to keep liquid air cool and prevent it from boiling 
away. Since liquid air begins to turn back into gas 
at about minus 200°C., there was a very considerable 
problem in storing it. 

The flask which Dewar devised for the purpose was 
quite a simple affair. It was merely a double-walled 
glass vessel. All the air was drawn out of the space 
between the two walls by a pump, so that any liquid in 
the flask was surrounded, to all intents and purposes, 
by a vacuum. The most important way in which the liquid 
would normally gain heat—by conduction through the 
surrounding air—was therefore eliminated. (Heat in 
the form of waves—heat radiation—is not stopped by a 
vacuum. Later flasks had their walls silvered to cut 
down the amount of heat radiation.) 

Sir James Dewar also contributed to the discovery of 
cordite, now important in explosives. Dewar died in 1923, 
having received, amongst other honours, the Rumford 
Medal of the Royal Society. 


Sir Fames Dewar in the laboratory with one of his vacuum flasks, 
the forerunner of the modern Thermos flask. 


